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may be said to date from the year ^ 854 , has brought 
about so many alterations both in the form and in the 
spirit of the regulations, that older members of the 
University have been known to speak of the place 
as so changed that they could scarcely recognise it. 
Hence, in respect of this article, I have availed myself 
of the liberty granted by Professor Helmholtz, and 
have altogether omitted some passages, and have 
slightly modified others, w'hich would convey an erro- 
neous impression of the present state of things. I 
^ve also on these points consulted members of the 
University on wh<^*udgment I think I can rely. 

In other a^Mes, where the matter is of prjime 
importance, I ha^^e been anxious faithfully to repro- 
duce the original ; nor have I in any such cases al- 
lowed a regard for form to interfere with the plain 

duty of exactly refid^ting the author’s meaning. 

* 

E. ATKINSON. 

POBTESBEET HlBL, CaMBBELEX : 

Dec. 1880. » 
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GUSTAY MAGNUS. 

In i^tmortam. 


Address delivered in the Leibnitz Meeting of the 
Academy of Sciences on July 6, 1871. 


The honourable duty has fallen on me of espressing in 
the nJ&ne of this Academy -what it has lost in Grustav 
■Magnus, who l^elonged to it for thirty years. As a 
grateful pupil, as a friend, and finally as his successor, 
it was a pleasure to me as well as a duty to fulfil such 
a»task. But I find the best part of noy work already 
done by our colleague Hofmann at the request of the 
German Chemical Society, of which he is the Pre- 
sident. He has solved the diflSeulty of giving a pic- 
ture of the life and work of Magnus in the most com- 
plete and most charming manner. He has not only 
anticipated me, but he stood in much closer and more 
intimate personal relation to Magnus than I did ; and, 
on the other hand, he is much better qualified than I 
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to pronotmce a competent judgment on the principal 
side of Magnus’s activity, namely, the chemical. 

Hence what remains for me to do is greatly re- 
stricted. I shall scarcely venture to speak as the 
biographer of Magnus, but only of what he was to ns 
and to science, to represent which is our allotted task. 

His life was not indeed rich in external events 
and changes ; it was the peaceful life of a man who, 
free from the cares of outer circumstances, first as 
hiember, then as leader of an esteemed, gifted, and 
amiable family, sought and found abundant satisfaction 
in scientific work, in the utilisation of saientific results 
for the instruction and advantage of mankind. Hein- 
rich Gustav Magnus was bom in Berlin on May 2, 
1802, the focrth of six brothers, who by their talents 
have distinguished themselves in various directions. 
The father, Johann Matthias, was chief of a wealthy 
commercial hvuse, whose first concern was to secure 
to his children»a free development of their individual 
capacity and inclinations. Our departed friend showed 
very early a greater inclination for the study of mathe- 
matics and natural philosophy tl^n for that of lan- 
guages. His father arranged his instruction accor- 
dingly, by removing him from the Werder Gymnasium 
and sendiflg him to the Cauer Private Institute, in 
which more attention was paid to scientific subjects. 

PVom 1822 to 1827 Magnus devoted himself en- 
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GUSTAV MAGNUS. 


occasionally for recreation, interrupted Ms work here 
from time to time. His experience and knowledge of 
business were often in demand by tbe State on various 
commissions; among these i^ay be especially men- 
tioned the part he took in the chemical deliberations 
of the Agricultural Board (^Landes-EconoTnie Golle-' 
to which he devoted much of his time ; above 
all to the great practical questions of agricultural 
chemistry. 

After sixty-seven years of almost undisturbed 
health he was overtaken by a painful illness towards 
the end of the year 1869.^ He still .continued his 
lectures on physics until February 25, 1870, but dur- 
ing March he was scarcely able to leave his bed, and he 
died on April 4. ^ 

Magnus’s was a richly endowed nat'yire, which under 
happy external circumstances could develop in its own 
peculiar man:^r, and was free to choose its activity 
according to fts •own mind. But this mind was 
governed by reason, and so filled, I might almost say, 
with artistic harmony, which shunned the immoderate 
and impure, that he knew how to^choose the object of 
his work wisely, and on this account almost always to 
attain it. Thus the direction and manner of Magnus’s 
activity a&orded so perfectly with his intellectual 
nature as is the case only with the happy few among 

* Garcinoma recti 
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iuortals. The harmonious tendency and cultivation of 
his mind could he recognised in the natural grace of 
his behaviour, in the cheerfulness and firmness of his 
cj disposition, in the warA amiability of his intercourse 
■with others. There was in all this, much more than 
the mere acquisition of the outer forms of politeness 
can ever reach, where they are not illuminated by a 
■warm sympathy and by a fine feeling for the beautiful. 

Accustomed from an early age to the regulated and 
prudent activity of the commercial house in which he 
grew up, he retained that skill in business which he 
iad so frequently to exercise in the administration of the 
affairs of this Academy, of the philosophical faculty, and 
of the various Government commissions. He retained 
^rom thence the love of order, the tejicTency towards 
^he actual, and towards what is practically attainable, 
even although the chief aim of his activity was an ideal 
one. He understood that the pleasaiA enjoyment of 
^n existenae free from care, and intercourse with the 
amost amiable circle of relatives and friends, do not bring 
a lasting satisfaction; but work only, and unselfish work 
for an ideal aim. •Thus he laboured, not for the in- 
crease of riches, but for science ; not as a dilettante and 
capriciously, but according to a fixed aim and in- 
defatigably ; not in vanity, catching at striking dis- 
coveries, which might at once have made his name 
celebrated. He was, on the contrary, a master of faith- 
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ful, patient, and modest workj^wlio tests that work 
again and again, and never ceases until lie knows there 
is nothing left to be improved. But it is also such 
work, which by the classical perfection of its methods^ ^ 
by the accuracy and certainty of its results, merits and 
gains the best and most enduring fame. There are 
among the labours of Magnus masterpieces of finished 
perfection, especially those on the expansior of gases 
heat, and on the tension of vapours. Another 
master in this field, and one of the most experienced 
and distinguished, namely, Eegnault of Paris, worked 
at these subjects at the same time with Magnus, but 
without knowing of his researches. The results of 
both investigators were made public almost simul- 
taneously, andi^ showed by their extraordinarily close 
agreement with what fidelity and with what skill both 
had laboured. But where differences showed themselv es, 
they were evemually decided in favour of Magnus. 

The unselfishness with which Magnus held to the 
ideal aim of his efforts is shown in quite a character- 
istic manner, in the way in which he attracted younger 
men to scientific work, and as sooff as he believed he 
had discovered in them zeal and talent for such work 
by placing at their disposal his apparatus, and the appli- 
ances of his private laboratory. This was the way in 
which I was brought in close relation to him, when I 
found myself in Berlin for the purpose of passing the 
Government medical examination. 


. -- r J JU ^ ^ ^ ■ V . 
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neglected in. estimating his valuer he was not only an 
investigator, he was also a teacher of science in the 
highest and widest sense of the word- He did not wish 
science to be confined to the sfJlidy and lecture-room,, 
he desired that it should find its way into all conditions 
of life. In his active interest for technology, in his 
zealous participation in the work of the Agricultural 
Board, this phase of his efforts was plainly reflected, as 
'\yell as in the great trouble he took in the preparation 
of experiments, and in the ingenious contrivance of the 
apparatus required for them. 

His collection of instruments, which subsequently 
^ passed into the possession of the University, and is 
at present used by me as his successor, is the most 
eloquent testimony of this Everything is in the most 
perfect order : if a silk-thread, a glass tube, or a cork, 
are required for an experiment, one may safely depend 
on finding them near the instrument. AU the appa- 
ratus which he contrived is made with the best mean# 
at his disposal, without sparing either material, or the 
labour of the workman, so as to ensure the success of 
the experiment, and by making it ofl a suflSciently large 
scale to render it visible as far off as possible. I recol- 
lect very well with what wonder and admiration wo 
students saw him experiment, not merely because 
all the experiments were successful and brilliant, but 
because they scarcely seemed to occupy or to disturb his 
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thoughts. The easj and clear flow of his discourse 
"vvent ou without interruption ; each experiment came 
in its right place, was performed quickly, without haste 
^ or hesitation, and wa^then put aside. 

I have already mentioned that the valuable collec- 
^ , tion of apparatus came into the possession of the 

University during his lifetime. He specially wished 
that what he had collected and constructed as appli- 
ances in his scientific work should not be scattered and 
estranged from the original purpose to which he had 
devoted his life. With this feeling he bequeathed to 
the University the rest of the apparatus of his labora- 
tory, as well as his very rich and valuable library, and» 
he thus laid the foundation for the farther development 
of a Public Physical Institute. ^ 

It is suflfcient in these few touches to have recalled 
the mental individuality of our departed friend, so far 
as the sources of the direction of his^activity are to be 
' * found. • • 

Personal recollections will furnish a livelier image 
to all those of you who have worked with hi m for the 
last thirty years.* 

If we now proceed to discuss the results of his 
researches it will not he suflScient to read through 
and to estimate his academical writings. I have 
already shown that a prominent part of his activity was 
directed to his fellow-creatures. To this must be added, 
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that he lived in an age when natural science passed 
through a process of development; yrith a rapidity such 
as never occurred before in the history of science. 
But the men who belonged to •such a time, and co- 
operated in this development are apt to appear in 
wrong perspective to their successors, since the best 
part of their work seems to the latter self-evident, and 
scarcely worthy of mention. 

It is difficult for us to realise the condition of natural 
science as it existed in G-ermany, at least in the first 
twenty years of this century. Magnus was born in 
1802; I myself nineteen years later; buf when I go 
jDack to my earliest recollections, when I began to study 
physics out of the school-books in my father’s posses- 
sion, who was himself taught in the Cauer Institute, I 
still see before me the dark image of a series of 
ideas which seems now like the alchemy of the middle 
ages. Of Lavoilier’s and of Humphry Davy’s revo- 
lutionising discoveries, not much had got into the ' 
school-books. Although oxygen was already known, 
yet phlogiston, the fire element, played also its part* 
Chlorine was still oxygenated hydrochloric acid; potash 
and lime were still elements. Invertebrate animals 
were divided into inseets and reptiles ; and in botany 
we still counted stamens. 

It is strange to see how late and with what hesita- 
tion Grermans applied themselves to the study of natural 
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science in this centn^, whilst they had taken so promi- 
nent a part in its earlier development. I need only 
name Copernicus, Kepler, Leibnitz, and Stahl. 

, For we may indfeed boast of our eager, fearless 
and unselfish love of truth, which flinches before no 
authority, and is stopped by no pretence ; shuns no 
sacrifice and no labour, and is very modest in its claims 
on worldly success. But even on this account she ever 
impels us first of all to pursue the questions of prin- 
ciple to their ultimate sources, and to trouble ourselves 
but little about what has no connection with funda- 
mental principles, and especially about practical con- 
sequences and about useful apphcations. To this muslf 
be ^ded another reason, namely, that the independent 
mental development of the last thr^e Thundred years, 
began undeif political conditions which caused the 
chief weight to fall on theological studies. Grermany 
has liberated Europe from the tyranfiy of the ancient 
church j ^ut she has also paid a much dearer price for 
this freedom than other nations. After the religious 
wars, she remained devastated, impoverished, polfti* 
eally shattered, h!br boimdaries spoiled, and arrogantly 
handed over defenceless to her neighbours. To deduce 
consequences from the new moral views, to prove them 
scientifically, to work them out in all regions of intellec- 
tual life, for all this there was no time during the storm 
of wax } each man had to hold to bia own party, eveiy 
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incipient change of opinion was looked upon as treach- 
ery, and excited bitter wrath, 0 wiitg to the Eeformation, 
intellectual life had lost its old stability and cohesion ; 
everything appeared in a new light, and new questions 
arose. The Grerman mind could not be quieted with 
outward uniformity; when it was not convinced and 
satisfied, it did not allow its doubt to remain silent. 
Thus it was theology, and next to it classical philo- 
logy and philosophy, which, partly as scientific aids of 
theology, partly for what they could do for the solution 
of the new moral, sesthetical, and metaphysical prob- 


lems, laid claim almost exclusively to thS interest of 



•scientific culture. Hence it is clear why the Protes- 
tant nations, as well as that part of the Catholics 
which, waveriifg in its old faith, only remained out- 
wardly in connection with its church, threw itself with 
such zeal on philosophy. Ethical and metaphysical prob- 
lems were chieflj% to be solved; the sources of knowledge 
had to be critically examined, and this was (Jone with • 
deeper earnestness than formerly. I need not enume- 
rate the actual results which the last century gained 
by this work. It excited soaring hopes, and it cannot 
be denied that metaphysics has a dangerous attraction 
for the Grerman mind; it could not again abandon it 
until all its Hiding-places had been searched through 
and it had satisfied itself that for the present nothing 
more is to be found there. 
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Then, in the second half of the last century, the 
rejuvenescent intellSctual life of the nation began to 
cultivate its artistic flowers ; the clumsy language trans- 
formed itself into on^ of the most expressive instru- 
ments of the human mind ; out of what was still the 
hard, poor, and wearisome condition of civil and political 
life, the results of the religious war, in which the figure 
of the Prussian hero-king only now cast the first hope 
of a better future, to be again followed by the misery 
of the ISfapoleonic war,— out of this joyless existence, 
all sensitive minds gladly fled into the flowery land 
opened out Ay German poetry, rivalling as it did the 
best poetry of all times and of all peoples ; or in the 
sublime aspects of philosophy they endeavoured to 
^ sink reality in oblivion. * 

And the patural sciences were otT the side of this 
real world, so willingly overlooked. Astronomy alone 
could at that time offer great and spblime prospects ; 
n in all other branches long and patient labour was still 
necessary before great principles could be attained; 
before these subjects could have a voice in the great 
questions of hui?3an life ; or before they became the 
powerful means of the authority of man over the 
forces of nature which they have since become. The 
labour of the natural philosopher seertis narrow, low, 
and insignificant compared with the great conceptions 
of the philosopher and of the poet ; it was only those 
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natural pMlosopters who, like Oken, rejoiced in 
poetical philosophical conception^ who found willing 
auditors. 

Fax be it from me as a one-si^ed advocate of scien- 
tific interests to blame this period of enthusiastic ex- * 
citement; we have, in fact, to thank it for the moral 
force which broke the Napoleonic yoke; we have to 
thank it for the grand poetry which is the noblest 
treasure of our nation; but the real world retains its 
right against every semblance, even against the most 
beautiful; and individuals, as well as nations, who wish 
to rise to the ripeness of manhood must l«am to look 
reality in the face, in order to bend it to the purpose of 
the mind. To flee into an ideal world is a false re- 
source of transient success ; it only facilitates the jplay 
of the adversary f and when knowledge only reflects 
itself, it becomes unsubstantial and empty, or resolves 
itself into illusiofis and phrases. 

Against the errors of a mental tendency, which cor- « 
responded at first to the natural soaring of a fresh youth- 
ful ambition, but which afterwards, in the age of the 
Epigones of the Eomantic school and cf the philosophy 
of Identity, fell into sentimental straining after sub- 
limity and inspiration, a reaction took place, and was 
carried out not merely in the regions of science, but 
also in history, in art, and in philology. In the last 
departments, too, where we deal direetlj with products 
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of activity of the human mind, and where, therefore, 
a construction a priori from the psychological laws 
seems much more possible than in nature, it has come 
to be understood that we must first know the facts, be- 
fore we can establish their laws, 

Gustav Magnus’s development happened during the 
period of this struggle ; it lay in the whole tendency 
of his mind, that he whose gentle spirit usually en- 
deavoured to reconcile antagonisms, took a decided part 
in favour of pure experience as against speculation. 
If he forbore to wound people, it must be confessed 
that he did not relax one iota of the principle which, 
with sure instinct, he had recognised as the true one ; 
and in the most influential quarters he fought in a 
twofold sense ; on the one hand, becan^e in physics it 
was a question as to the foundation^ of the whole of 

r» 

natural sciences ; and on the other hand, because the 
University of Berlin, with its numerCus students, had 
long been the stronghold of speculation. He con- 
tinually preached to his pupils that no reasoning, 
however plausible it might seem, avails against actual 
iact, and that observation and experiment must de- 
cide ; and he was always anxious that every practicable 
experiment should he made which could give practical 
confirmation or refutation of an assumed law* Ho did 
not limit in any way the applicability of scientific 
methods in the investigation of inanimate nature, but 
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in Ms research on the gases of the blood (1837) he 
dealt a blow at the heart of vitali^ic theories. He led 
physics to the centre of organic change, by laying a 
scientific foundation for a eorre^ct theory of respira- 
tion] a foundation upon wMch a great number of 
more recent investigators have built, and wMch has 
developed into one of the most important chapters 
of physiology. 

He cannot he reproached with having had too Uttle 
canfidence in carrying out his principle; but I must 
confess that I myself and many of my companions 
formerly thought that Magnus carried his distrust of 
^speculation too far, especially in relation to mathe- 
matical physics. He had probably never dipped very 
deep m the l^ter subject, and that strengthenedkour 
doubts. Yet wlftn we look around us from the stand- 
point wMch science has now attained, it must be con- 
fessed that Ms ^strust of the mathematical physics of 
that date was noti unfounded. At that time no separa- 
tion had been distinctly made as to what was ’empirical * 
matter of fact, what mere verbal definition, and what 
only hypothesis. The vague miztme of these ele- 
ments wMch formed the basis of calculation was put 
forth as axioms of metaphysical necessity, and pos- 
tulated a similar kind of necessity for the results. I 
need only recaU to you the great part wMch hypo- 
theses as to the atomic structure of bodies played 
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and constituted; only ■with such can we make our 


observations and experiments. J heir actidns are made 
up of the actions which each of their parts contributes 
to the sum of the whole ; an^ hence, if we wish to 
know the simplest and most general law of the action* 
of masses and substances found in nature upon one I 

another, and if we wish to divest these laws of the 
accidents of form, magnitude, and position of the 
bodies concerned, we must go back to the laws of 
Action of the smallest particles, or, as mathematicians ' 

designate it, the elementary volume. But these are 
not, like the atoms, disparate and hetei^geneous, but ^ 

continuous and homogeneous. 

The characteristic properties of the elementary 
volumes of diff^^^^nt bodies are to be found e«:peri- 
mentally, either directly,, where the knowledge of 
the sum is sufficient to discover the constituents, i 

or hypothetic&y, where the calculated sum of effects 
in the greateab possible number of different cases ! 

must be compared with actual fact by observation 
and by experiment. It is thus admitted that mathe- 
matical physics only investigates the laws of action ; 

of the elements of a body independently of the acci- 
dents of form, in a purely empirical manner, and is there^ 
fore just a^much under the control of experience as 
what are called experimental physics. In principle 
they are not at all different, and the former only con- 
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function of the latter, in order to arrive at 
cipler and still Jnore general laws of phenomena, 
a-^uot be doubted that this analytical tendency 
sical inquiry Ijas assumed another character; 
iias just cast off that which was the means of 
Magnus towards it in some degree of antago- 
EdTe tried to maintain, at least in former years, 
3 business of the mathematical and that of 
^r-imental physicist are quite distinct from one 
S that a young man who wishes to pursue 
Would have to decide between the two. It 
■bo me, on the contrary, that the conviction is 
ly gaining ground, that in the present more , 
I state of science those only can experi- * 
e profitably who have a clear-sighted know- 
btteory, and know how to propcfund and pursue 
b questions; and, on the other hand, only 
o- theorise with advantage who have great 
expenments. The discovery of spectrum 
is the most brilliant example within our 
of such an interpenetration of theoretical 
e and experimental skill, 
not aware whether Magnus subsequently ex- 
bbier views as to the relation of experimental 
tematical physics. In any case,* those who 
* former desertion of mathematical physics 
on against the misuse of speculation carried 


20 


GUSTAV MAGlS^US. 


too far, must also admit that in the older mathema- 
tical physics there are many reasons for this dislike, 
and that, on the other hand, he received with the 
greatest pleasure the results which Kirchhoff, Sir 
W. Thomson, and others had developed out of new 
facts from theoretical starting-points. I may here be 
permitted to adduce my own experience. My re- 
searches were mostly developed in a manner against 
which Magnus tried to guard ; yet I never found in 
him any but the most willing and friendly recognition. 

It is, however, natural that every one, relying upon 
his own experience, should recommend* to others, as 
• most beneficial, the way which best suits his own 
nature, and by which he has made the quickest pro- 
gress. And If we are all of the same opinion thit the 
task of science is to find the Laws pf Facts^ then 
each one may Jie left free either to plunge into facts, 
and to search •where he might come upon traces of 
laws still unknown, or from laws already, known tf 
search out the points where new facts are to be dis- 
covered. But just as we all, like Magnus, are op- 
posed to the theorist who hold» it unnecessary to 
prove experimentally the hypothetical results which 
seem axioms to him, so would Magnus — as his works 
decidedly sliow — pronounce with us against that kind 
of excessive empiricism which sets out to discover 
facts which fit to no rule, and which also try carefully 
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He applied the principle of th^ stroboscopic disk in 

observing the phenomena, by* looking at the jet 

through small slits in a rotating disk. He grouped 

the various phenomena with peculiar tact, so that ^ 

those among them which are alike were easily seen, 

and one elucidated the other. And if a final mechanical 

explanation is not always attained, yet the reason for 

a great number of characteristic features of the indi- 

’^dual phenomena is plain. In this respect many of 

his researches — I might specially commend those on 

the efflux of jets of water — are excellent models of 

what Goethe theoretically advanced, anJ in his phy- 

• sical labours endeavoured to accomplish, though with 

only partial success. 

• # 

But even w]jere Magnus from his standpoint, and 

armed with the knowledge of his time, eserted himself 
in vain to seizepthe kernel of the solution of a difficult 
question, a ho^ of new and valuable facts is always 
brought to light. Thus in his research on tie thermo^ 
electric battery, where he correctly saw that a critical 
question was to be solved, and at the conclusion de- 
clared: ‘When I commenced th^ experiment just 
described, I confidently hoped to find that thermo- 
electrical currents are due to a motion of heat.^ In 
this sense he investigated the cases in which the 
thermo-elecfcrical circuit consisted of a single metal in 
which there were alternately hard portions, and such as 
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had been softened by heatj or those in which the 
parts in contact had very different temperatures. He 
was convinced that the thermo-electrical current was 
^ due neither to the radiating power, nor to the conduc- 
tivity for heat, using this expression in its ordinary 
meaning, and he had to content himself with the ob- 
viously imperfect explanation that two pieces of the 
same metal at different temperatures acted like dis- 
similar conductors, which like liquids do not fall in with 
the potential series. The solution was first furnished 
by the two general laws of the mechanical theory of heat. 
Magnus’s hc^e was not unfulfilled. Sir W. Thomson 
discovered that alterations in the conductivity for heat, ^ 
though such as were produced by the electrical current 
itself, were indeed the sources of the current. 

It is the ijature of the scientific direction which 
Magnus pursued in his researches, tjoat they build 
many a stone into the great fabric of science, which 
^ive it an^ever broader support, and an ever growing 
height, without its appearing to a fresh observer as a 
special and distinctive work due to the sole exertion 
of any one scientific man. If we wish to explain the 
importance of each stone for its special place, how 
difficult to procure it, and how skilfully it was worked, 
we must presuppose either that the hearer knows the 
entire history of the building, or we must explain it to 
him, by which more time is lost than I can now claim. 
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Tims it is with hlagaus’s reseaxches. Wherever he 
tas attacked, he has brought out a host of new and 
often remarkable facts; he has carefully and accurately 
observed them, and he has brought them in connection 
with the great fabric of science* He has, moreover, 
bequeathed to science a great number of ingenious and 
carefully devised new methods, as instruments with 
which future generations will continue to discover 
hidden veins of the noble metal of everlasting laws in 
the apparently waste and wild chaos of accident, 
Magnus’s name will always be mentioned in the first 
line of those on whose labours the proud Edifice of the 
, science of Nature reposes ; of the science which has so 
thoroughly remodelled the life of modem humanity by 

r> 

its intellectual influence, as well as by its having subju- 
gated the forces of nature to the dominion of the mind. 

I have only spoken of Magnus’s physical labours, 
hnd have only mentioned those which seemed to me 
characteristic for his individuality. But the numbeif 
of his researches is very great, and they extend over 
wider regions than could now be grasped by any single 
inquirer. He began as a chemist, •but even then he 
inclined to those cases which showed remarkable phy- 
sical conditions; he Was afterwards exclusively a 
physicist. But parallel with this he cultivated a rerj 
extended study of technology, which of itself would 
alone have occupied a man’s Kfe. 
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He las departed^ after a rich life and a fruitful 
activity. The old lavf that no man’s life is free from 
pain must have been applied to him also ; and yet his 
^life seems to have b«en especially happy. He had 
what men generally desire most; but he knew howto 
ennoble external fortune by putting it at the service of 
unselfish objects. To him was granted, what is dearest 
to the mind of a noble spirit, to dwell in the centre of 
an affectionate family, and in a circle of faithful and 
distinguished firiends. But I count his rarest happil 
ness to be that he could work in pure enthusiasm for 
an ideal principle ; and that he saw the cause which 
he served go on victoriously, and develop to unheard '• 
of Wealth and ever wider activity. 

And in conclusion we must add^ 'in so far as 
thoughtfulness, purity of intention, moral and intellec- 
««4ual tact, modesty, and true humanity can rule over the 
capnces of fortune and of man, in so fer was Magnus 
the artificar of his own fortune; one of the most satis- 
factory and contented natures, who secure the love 
and favour of men, who with sure inspiration know 
how to find the right place for their activity ; and of 
whom we may say, envious fact does not embitter their ' 
successes, for, working for pure objects and with pure 
wishes, they would find contentment even without 
external successes. 
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Lecture delivered in the Docenten Yerein, in Seidelberfft 
in the year 1870, 


The fact that* a science can exist and can be de- 
veloped as has been the case with geometry, h.as 
always attracted the closest attentiorf among those 
■frho are interested in questions relating to the bases of 
the theory of cognition. Of all branches of human 
Knowledge, there is none which, Kke it, has sprung as 
a completely armed* Minerva from the head of Jupiter; 
none before whose death-dealing Aegis doubt and in- 
consistency have so Httle dared to raise their eyes. It 
escapes the tedious and troublesome task of collect- 
ing experimental facts, which is the province of the 
natural sciences in the strict sense of the word; the 
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sole form of its scientific method is deduction. Con- 
elusion is deduced from conclusion, and yet no one 
of common sense doubts but that these geometrical 
principles must find their pracjtical application in the 
real world about us. Land surveying, as well as ar- 
chitecture, the construction of machinery no less than 
mathematical physics, are continually calculating re- 
lations of space of the most varied kind by geometrical 
principles ; they expect that the success of their con- 
structions and experiments shall agree with these 
calculations ; and no case is known in which this ex- 
pectation has been falsified, provided th'fe calculations 

% 

, were made correctly and with sufficient data. 

Indeed, the fact that geometry exists, and is cap- 
able of all this, has always been used as a prominent 
example in the discussion on that question, which 
forms, as it wejre, the centre of all antitheses of philo- 
sophical systems, that there can be a cognition of 
principles destitute of any bases drawiv from exrr 
perience* In the answer to Kant’s celebrated ques- 
tion, ^ How are synthetical principles a priori 
possible?’ geometrical axioms are certainly those 
examples which appear to show most decisively that 
synthetical principles are a priori possible at all. 
The circumstance that such principles exist, and force 
themselves on our conviction, is regarded as a proof 
that space is an a priori mode of aU external perception. 


'0 • * 
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It appears thereby to postulate, for this a priori 
form, not only the ch^acter 'of a purely formal scheme 
of itself quite unsubstantial, in which any given result 
^experience would fit; but also to include certain pe- 
culiarities of the scheme, which bring it about that 
only a certain content, and one which, as it were, is 
strictly defined, could occupy it and be apprehended 
by us.^ 

It is precisely this relation of geometry to the theory 
of cognition which emboldens me to speak to you on 
geometrical subjects in an assembly of those who for 
the most pari? have Umited their mathematical studies 
to the ordinary instruction in schools. Fortunately, . 
the amount of geometry taught in our gymnasia will 
enablh you to follow, at any rate the teuidency, of the 
principles I art^ about to discuss. ^ 

I intend to give you an account nf a series of 
recent and closely connected mathematical researches 
«rhich are concerned with the geometri^l axioms, their 


• In his booh, On tAe Zimits of PUloxojihy, Mr. W. Tobias main- 
tains aaoms of a kind which I formerly enunciated are a 
misunderstanding of Kant’s opinion. But Kant specially adduct 
the axioms, that the straight line is the shortest (M L 

fctroduction, v. 2nd ed. p. 16); that space has three di- 
mensiom (iW. part i. sect. i. § 3, p. 41) ; that only one straight line 
Ih poMible between two points (TUd. part ii. sect. i. ‘ On the Axioms 
of Intaition’) as axioms which express a pHoH thS conditions “f 
intuition by the senses. It is not here the question, whether these 
axioms were originally given as intuition of space, or whether they 
Me only the starting-points from which the understanding can 
develop such axioms a^riori on which my critic insists. 
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relations to experience, witli tlie question whether it 
is logically possible to replace tljem by others. 

Seeing that the researches in question are more 
immediately designed to furnish proofs for experts in 
a region which, more than almost any other, requires* 
a higher power of abstraction, and that they are vir- 
tually inaccessible to the non-mathematician, I will 
endeavour to explain to such a one the question at 
issue. I need scarcely remark that my explanation 
Vill give no proof of the correctness of the new views. 
He who seeks this proof must take the trouble to 
study the original researches. • 

Anyone who has entered the gates of the first ele- 
mentary axioms of geometry, that is, the mathematical 
doctrine of ^pace, finds on his path that unbroken 
chain of conclusions of which I just spoke, by which 
the ever more varied and more complicated figures 
are brought within the domain of law. But even in 
their first elements certain principles are Jaid down^ 
with respect to which geometry confesses that she 
cannot prove them, and can only assume that anyone 
who understands the essence of these principles will 
at once admit their correctness. These are the so- 
called axioms. 

For ex£ftnple, the proposition that if the shortest 
line drawn between two points is called a atrcuight line, 
there can be only one such straight line. Again, it is 
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an Ariom that through any three points in space, not 
lying in a straight line, a plane may be drawn, i.e. a 
sur&ce which will wholly include eveiy straight Hne 
joining any two of its^ points. Another axiom, about 
.which there has been much discussion, afSrms that 
through a point lying without a straight line only one 
straight hne can be drawn parallel to the first; two 
straight lines that He in the same plane and never 
meet, however far they may be produced, being called 
parallel. There are also axioms that determine the 
number of dimensions of space and its surfaces, lines | 

and points, showing how they are continuous; as in 
the propositions, that a soHd is bounded by a surface, 
a surface by a Hne and a Hne by a point, that the’ ' 
pointers mdivisible, that by the movement of a point 
a Hne is described, by that of a Hne a line' or a surface, 
by that of a sflrface a surface or a solid, but by the 

movement of a soHd a solid and no'thing else is' 
described. ^ 

Now v?hat is the origin of such propositions, un- 
questionably true yet incapable of proof in a science 
where everything else is reasoned conclusion? Are 
they inherited from the divine source of our reason 
as the idealistic philosophers think, or is it only that 
the mgenuity of mathematicians has hitherto not been 
penetrating enough to find the proof? Every new 
votary, coming with fi:esh zeal to geometry, naturally 


I 
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strives to succeed wnere 

ltd it is ““t t 

llsh- J, .. ae question hss Utherto stood, >t os 

U V «“«= 

can be convinced of the impossibility of fin ing a 
proof. Meanwhile solitary inquirers are always from 
time to time appearing who become so deeply en- 
tangled in comphcated trains of reasoning that they 
can no longer discover their mistakes and believe they 
We solved the problem. The axiom of parallels 
especiaUy has caUed forth a great number of seeming 

demonstrations. 

The main difficulty in these inquiries is, and always 
has been, the readiness with which results of eveiyday 
experience become mixed up as apparent necess^ies of 
thought with fhe logical processes, so kng as Euclid’s 
method of constructive intuition is exclusively followed 
in geometry. *.Itis in particular extremely difficult, on 
this method, tt) be quite sure that in the steps pre- 
scribed for the demonstration we have not involun- 
tarily and unconsciously drawn in some most general 
results of experience, which the j)Ower of executing 
certain parts of the operation has already taught us 
practically. In drawing any subsidiary line for the 
sake of his demonstration, the well-trained gedmeter 
always asks if it is possible to draw such a line. It is 

tNRTlTUTE 
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tial part in the system of geometry. At first sight, 
these appear to he pr^tical operations, introduced for 
the training of learners; but in reality they estab- 
Hsh the existence of definite figures. They show that 
points, straight lines, or circles such as the problem re- 
quires to be constructed are possible under all con^ 
ditions, or they determine any exceptions that there 
may be. The point on which the investigations tmn, 
that we are about to consider, is essentially of this 
nature. The foundation of all proof by Euchd’s* 
method consists in establishing the congruence of 
lines, angles, plane figures, solids, &c. To make the 
congruence evident, the geometrical figures are sup-' . 
posed to be applied to one another, of course without 
changhig their form and dimensions. That this is 
in fact possible we have all experienced from our 
earliest youth. But, if we proceed to biyld necessities 
of thought upon this assumption of tjie free trans- 
lation of fi^ed figures, with unchanged Yorm, to every 
part of space, we must see whether the assumption 
does not involve some presupposition of which no 
logical proof is givep. We shaU see later on that it 
does indeed contain one of the most serious import. 
But if so, every proof by congruence rests upon a fact 
which' is obtained from experience only. 

I offer these remarks, at first only to show what 
difficulties attend the complete analysis of the pre- 
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of my non-mathematical hearers without giving rise 

% 

to misconception. 

Now if beings of this kind lived on an infinite 
plane, their geometry would Be exactly the same jis 
our planimetry. They would affirm tlmt only one 
straight line is possible between two points ; that 
through a third point lying without this line only one 
line can be drawn parallel to it ; that the ends of a 
.straight line never meet though it is prcalueod to 
infinity, and so on. Their space might be infinitely <!X- 
tended. but even if there were limits to their move- 
ment and perception, they would be able to represent 
to themselves a continuation beyond these limits ; and 
thus their space would appear to them infinitely ex- 
tended, just* ^ ours does to us, although our* bodies 
cannot leave the earth, and our sight only reaifhes as 
far as the visible fixed stars. 

But intelligent beings of the kind supposed might 
also live on the surfece of a sphere. Their shortest •or 
straightest line between two points woid<l then Im an 
arc of the great circle passing through them. Every 
great circle, passing through two points, is by these 
divided into two parts ; and if they are unequal, tlnj 
shorter is certainly the shortest line on the sphere Imj- 
tween the two points, but also the other or larger arts 
of the same great circle is a geodetic or Stralghtisst 
hue, Le. every smaller part of it is the shortest Hue 


GEOMKTEICAL axioms. 


37 


="6611 its ends. Thus the notion of the geodetic or 
grlitest line is not quite identical with that of the 
^st line. If the two given points are the ends of 
Ltneter of the sphePe, every plane passing through 
diameter cuts semicircles, on the surface of the 
re, all of which are shortest lines between the 
5 in which case there is an equal number of 
t shortest lines between the given points. Ac- 
5 the axiom of there being only one shortest 
between two points would not hold without a* 
lh exception for the dwellers on a sphere. 
f parallef lines the sphere-dwellers would know 
ng. They would maintain that any two straightest . 

sufficiently produced, must finally cut not in one 
but in two points. The sum of thd angles of a 
rle would he always greater than two right angles, 
-sing as the surface of the triangle »grew greater, 
could thus have no conception «f geometrical 
•rity between greater and smaller* figures of the 
kind, for with them a greater triangle must have 
snt angles from a smaller one. Their space 
be unlimited, -but would be found to be finite or 
3 -fc represented as such. 

is clear, then, that such beings must set up a 
Ixflferent system of geometrical axioms* from that 
inhabitants of a plane, or from ours with our 
three dimensions, though the logical powers 



33 


ORIGIN AND SIGNIFICANCE OF 


of all were the same ; nor are more examples neces- 
sary to show that geometrical axioms must vary ac- 
cording to the kind of space inhabited by beings 
whose powers of reason are quite in conformity with 
ours. But let us proceed still farther. 

Let us think of reasoning beings existing on the 
surface of an egg-shaped body. Shortest lines could 
be drawn between three points of such a surface and 
^ triangle constructed. But if the attempt were made 
to construct congruent triangles at different parts of 
the surface, it would be found that two triangles, with 
three pairs of equal sides, would not have their angles 
• equal. The sum of the angles of a triangle drawn at 
the sharper pole of the body would depart farther from 
two right angles than if the triangle were drawn at the 
blunter pole or at the equator. Hence it appears that 
not even such a simple figure as a triangle can be 
moved on such a surface without change of form. It 
would also be found that if circles of equak radii wete 
constructed at different parts of such a surface (the 
length of the radii being always measured by shortest 
lines along the surface) the periphery would be greater 
at the blunter than at the sharper end. 

We see accordingly that, if a surface admits of the 
figures lying on it being freely moved without change 
of any of their lines and angles as measured along it, 
the property is a special one and does not belong to 
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every kind of surface* The condition under which a 
surface possesses this important property was pointed 
out by Grauss in his celebrated treatise on the cur- 
^vature of surfaces.^ TSe ^ measure of curvature/ as he 
called it, i.e. the reciprocal of the product of the 
greatest and least radii of curvature, must be every- 
where equal over the whole extent of the surface* 

Grauss showed at the same time that this measure 
of curvature is not changed if the surface is bent with^ 
out distension or contraction of any part of it. Thus 
we can roll up a fiat sheet of paper into the form of 
a cylinder, or of a cone, without any change in the 
dimensions of the figures taken along the surface of • 
the sheet. Or the hemispherical fundus of a bladder 
may be rolled into a spindle-shape without altering the 
dimensions on the surface. Geometry on a plane will 
therefore be the same as on a cylindrical surface ; only 
in the latter case we must imagine tha^any number of 
%ers of ^is surface, like the layers of a rolled sheet 
of paper, lie one upon another, and that after each 
entire revolution round the cylinder a new layer is 
reached different from the previous ones. 

These observations are necessary to give the reader a 
notion of a kind of surface the geometry of ;which is on 
the whole similar to that of the plane, but in which 

* Gauss, Bd. TV. p. 215, first published in Com/mentaUonei 

Sae, Iteg* Sdentt, Gottengemu remitiortiSf voh vi,, 1828. 
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the axiom of parallels does not hold good. This is a 
kind of curved surface which is, as it were, geometri- 
cally the counterpart of a sphere, and which has there- 
fore been called the pseudosj^erical surface by the 
distinguished Italian mathematician E. Beltrami, who 
has investigated its properties.^ It is a saddle-shaped 
surface of which only limited pieces or strips can be 
connectedly represented in our space, but which may 
yet be thought of as infinitely continued in all direc- 
tions, since each piece lying at the limit of the part 
constructed can be conceived as drawn back to the 
middle of it and then continued. The piece displaced 
• must in the process change its flexure but not its 
dimensions, just as happens with a sheet of paper 
moved about* a^cone formed out of a plane rolled up. 
Such a sheet fits the conical surface in*every part, but 
must be more^bent near the vertex and cannot be so 
moved over the vertex as to be at the same time 
adapted to the existing cone and to its •imaginary 
continuation beyond. 

Like the plane and the sphere, pseudospherical sur- 
faces have their measure of curvattrre constant, so that 
every piece of them can be exactly applied to every 


* Sagffw InterpretazioM della Qem^ria JSfon-EuoUdea^ Napoli, 

1868. — Teoria fondwmntaU d&gld Spani di Cm^potma 


nali di Matematioaj Her. IL Tom. IL pp. 232-65. Both have 
been translated into French by J, Hottel, A%nalc$ 8cimtifig%m dt 
l^Mkfok Kormale, Tom V., 1869. 
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other piece, and th^efore all figures constructed at 
one place on the surface can be transferred to any 
other place with perfect congruity of form, and perfect 
^ equality of all dimensions lying in the surface itself. 
The measure of curvature as laid down by Gauss, 
which is positive for the sphere and zero for the plane, 
would have a constant negative value for pseudo^ 
spherical surfaces, because the two principal curvatures 
of a saddle-shaped surface have their concavity turned 
opposite ways. 

A strip of a pseudospherical surface may, for exam- 
ple, be represented by the inner surface (turned towards 
the axis) of a solid anchor-ring. If the plane figure* 
oxihh (Fig. 1) is made to revolve on its axis of symme- 
try Xb, the two arcs oh will describe a p*seudosph6rical 
concave-convex surface Hke that of the ring. Above 
and below, towards dcx/ and 66, the surface will turn 
outwards with ever-increasing flexure* till it becomes 
to the axis, and ends at the edge with one 
curvature infinite. Or, again, half of a pseudospheri- 
cal surface may be rolled up into the shape of a eham- 
pagne-glass (Fig.* 2), with tapering stem infinitely 
prolonged. But the surface is always necessarily 
bounded by a sharp edge beyond which it cannot be 
directly continued. Only by supposing each single 
piece of the edge cut loose and drawn along the surface 
of the ring or glass, can it be brought to places of 
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different flexure, at ■vt'Mcli farther contiauation of the 
piece is possihle. 

In this yrzj too the straightest lines of the pseudo- 
spherical surface maj be iuflnitefy produced. They do 
not, like those on a sphere, return upon themselves, 
but, as on a plane, only one shortest line is possible 
between the two given points. The axiom of parallels 
does not, however, hold good. If a straightest line is 


given on the surface and a point without it, a whole 
pencil of straightest lines may pass through *he point,* 
no one of which, though infinitely produced, cuts the 
first line; the pencil itself being limited by two 
straightest lines, one of which intersects one of the 
ends of the given line at an infinite distance, the other 
the other end. 

Such a system of geometry, which excluded the 
axiom of parallels, was devised on Euclid’s synthetic 
method, as far back as the year 1829, by N. J. lo- 


GEOMETRICAL AXIOMS. 


43 


batcliewsky, professor of mathematics at Kasan,^ and 
it was proved that thfs system could be carried out as 
consistently as Euclid’s. It agrees exactly with the 
geometry of the psetTdospherical surfaces worked out 
recently by Beltrami. 

Thus we see that in the geometry of two dimen- 
sions a surface is marked out as a plane, or a sphere, or 
a pseudospherical surface, by the assumption that any 
figure may be moved about in all directions without 
change of dimensions. The axiom, that there is only 
one shortest line between any two points, distinguishes 
the plane ahd the pseudospherical surface from the 
sphere, and the axiom of parallels marks off the plan^ 
from the pseudosphere. These three axioms are in 
fact*necessary and sufficient, to define &s a plane the 
surface to whi^ih EucHd’s planimetry has reference, as 
distinguished from all other modes #f space in two 
dimensions. • 

• The difference between plane and ^spherical geome^ 
try has been long evident, but the meaning of the 
axiom of parallels could not be understood till Gauss 
had developed the notion of surfaces flexible without 
dilatation, and consequently that of the possibly in- 
finite continuation of pseudospherical surfaces. In- 
habiting, as we do, a space of three dimensions and 
endowed with organs of sense for their perception, we 
• Primi^ien der Geometries Kasanj 1829-30. 
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can represent to ourselves the various cases in which 
beings on a surface might have ^ develop their per- 
ception of space I for we have only to limit our own 
perceptions to a narrower field.* It is easy to think 
away perceptions that we have ; but it is very diflScult 
to imagine perceptions to which there is nothing ana- 
logous in our experience. When, therefore, we pass to 
space of three dimensions, we are stopped in our power 
of representation, by the structure of our organs and 
t£e experiences got through them which correspond 
only to the space in which we live. 

There is however another way of treatmg geometry 
scientifically. All known space-relations are measure- 
able, that is, they may he brought to determination of 
magnitudes (lines, angles, surfaces, volumes). ProbTems 
in geometry can therefore be solved, by finding methods 
of calculation % arriving at unknown magnitudes from 
known ones. Tl^s is done in analytical geometry ^ where 
all forms of spaffe are treated only as quantities and, 
determined by means of other quantities. Even the 
axioms themselves make reference to magnitudes. The 
straight line is defined as the aJioxtest between two 
points, which is a determination of quantity. The 
axiom of parallels declares that if two straight lines in 
a plane do hot intersect (are parallel), the alternate 
angles, or the corresponding angles, made by a third 
line intersecting them, are equal; or it may be laid 
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down instead that the sum of the angles of any* 
triangle is eqnal to two right angles. These, also, 
are determinations of quantity. 

Now we may start Vith this view of space, accord- 
ing to which the position of a point may be deter- 
mined by measurements in relation to any given 
figure (system of co-ordinates), taken as fixed, and 
then inquire what are the special characteristics of our 

space as manifested in the measurements that have 

• 

to be made, and how it differs from other extended 
quantities of like variety. This path was first entered 
by one too early lost to science, B. Eiemann of Gott- 
ingen.^ It has the peculiar advantage that all itg 
operations consist in pure calculation of quantities, 
which quite obviates the danger of habitual percep- 
tions being tejien for necessities of thought. 

The number of measurements necessary to give the 
position of a point, is equal to the number of dimensions 
1 of the space in question. In a line the* distance from one 
fixed point is sufficient, that is to say, one quantity ; 
in a surface the distances from two fixed points must 
be given ; in space, the distances from three $ or we 
require, as on the earth, longitude, latitude, and height 
above the sea, or, as is usual in analytical geometry, 
the distances from three co-ordinate planes. RiAmnYi -n 

* Ueber die Hypothesen welche der Geometrie zu Grtinde lie^en, 
Habilitationssohrift vom 10 Juni 1854. (Ab/iandl der hbnigl 
OeselUeh, zu Gottmqent Bd. XIII.) 
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calls a system of differences in -which one thing can be 
determined by tv measurements' an ^ ^fold extended 
aggregate ’ or an ^ aggregate of n dimensions/ Thus 
the space in which we live is a threefold, a surface is 
a twofold, and a line is a simple extended aggregate of 
points. Time also is an aggregate of one dimension. 
The system of colours is an aggregate of three dimen- 
sions, inasmuch as each colour, according to the inves- 
tigations of Thomas Young and of Clerk Maxwell/ 
may be represented as a mixture of three primary 
colours, taken in definite quantities. The particular 
mixtures can be actually made -with the colour-top. 

, In the same way we may consider the system of 
simple tones* as an aggregate of two dimensions, if we 
distinguish only pitch and intensity, and leave out of 
account differences of timbre. This generalisation of 
the idea is well suited to bring out the distinction be- 
tween space of three dimensions and other aggregates. 
We can, as we know from daily experience, .compare • 
the vertical distance of two points with the horizontal 
distance of two others, because we can apply a measure 
first to the one pair and then to the other. But we 
cannot compare the difference between two tones of equal 
pitch and different intensity, with that between two tones 
of equal intensity and different pitch. Biemann showed, 
by considerations of this kind, that the essential fonn- 

* Etelmholbe'a Papular Leetwret, Series L p. 243. * Ibid. p> 83. 
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dation of any system of geometry, is the expression 
that it gives for the d!stance between two points lying 
in any direction towards one another, beginning with 
the infinitesimal interval. He took from analytical 
geometry the most general form for this expression, 
that, namely, which leaves altogether open the kind of 
measurements by which the position of any point is 
given.^ Then he showed that the kind of free mobi- 
lity without change of form which belongs to bodies 
in our space can only exist when certain quantities 
yielded by the calculation ^—quantities that coincide 
with Gauss’s* measure of surface-curvature when they 
are expressed for surfaces — have everywhere an equal 
value. For this reason Eiemann calls these quantities,^ 
when they have the same value in all directions for a 
particular spot, the measure of curvature of the space 
at this spot. To prevent misunderstjandingj^ I will 
once more observe that this so-called measure of 
^space-curvature is a quantity obtained by purely ana- 
lytical calculation, and that its introduction involves no 
relations that would have a meaning 
only for sense-perception. The name is merely taken, 

For the square of the distance of two infinitely near pointa the 
egression is a homogeneous quadric function of the differentials of 
their co-ordinates. 

They are algebraical expressions compounded from the co- 
efficients of the various terms in the expression for the square of the 
distance of two contiguous points andfrom their differential quotients. 

* As occurs, for instance, in the above-mentioned work of Tobias 
pp. 70, etc. ' 
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as a short expressiou for a complex relation, from the 
one case in which the quantity ^designated admits of 
sensible representation. 

Now whenever the value of this measure of curva- 
ture in any space is everywhere zero, that space every- • 
conforms to the axioms of Euclid 5 and it maybe 
called a flat (hormloid) space in contradistinction to 
other spaces, analytically constructible, that may be 
called curved, because their measure of curvature has a 
v’alue other than zero. Analytical geometry may be as 
completely and consistently worked out for such spaces 
as ordinary geometry can for our actiially existing 
homaloid space. 

If the measure of curvature is positive we have 
sphericcd spaqe, in which straightest lines return cpon 
themselves and there are no parallels. Such a space j 

would, like the surface of a sphere, be ‘unlimited but 
not infinitely great. A constant negative measure of 
curvature on the other hand gives peeudo-sphericd 
space, in which straightest lines run out to infinity, au(f 
a pencil of straightest lines may be drawn, in any 
flattest surface, through any point which does not inter- 
sect another given straightest line in that surface. 

Beltrami ‘ has rendered these last relations imagin- 
able by sho^ving that the points, lines, and surfaces of 
a pseudospherical space of three dimensions, can he so 

» Ti&rU fmMmritak, nt sup^ 
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portrayed in the interior of a sphere in Euclid’s homa- 
loid space, that every ^traightest line or flattest surfacfe 
of the pseudospherieal space is represented by a 
^straight line or a plaRe, respectively, in the sphere. 
The surface itself of the sphere corresponds to the 
infinitely distant points of the pseudospherieal space; 
and the different parts of this space, as represented in 
the sphere, become smaller, the nearer they lie to the 
spherical surface, diminishing more rapidly in the direct 
tion of the radii than in that perpendicular to them! 
Straight lines in the sphere, which only intersect 
beyond its suWace, correspond to straightest lines of 
the pseudospherieal space which never intersect. 

Thus it appeared that space, considered as a regioti 
of m&surable quantities, does not at^ ail correspond 
with the most general conception of an aggregate of 
three dimensions, but involves also special conditions, 
depending on the perfectly free mobility of solid 
bpdies without change of form to all parts of it and 
with all possible changes of direction ; and, further, oil 
the special value of the measure of curvature whicH 
for our actual space, equals, or at least is not distin- 
guishable from, zero. This latter definition is giveU 
in the axioms of straight lines and parallels. 

Whilst Eiemann entered upon this new* field froni 
the side of the most general and fundamental questions 
of analytical geometry, I myself arrived at 
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conclusions,* partly from seeMng to represent in space 
the system of colours, involving^lie comparison of one 
threefold extended aggregate -witli another, and partly 
from inquiries on the origin of»our ocular measure for 
distances in the field of Tision. Riemann starts by* 
assuming the ahoYe“mentioned algebraical expression 
■which represents in the most general form the distance 
bet-ween two infinitely near points, and deduces there- 
from, the conditions of mobility of rigid figures. I, on 
the other hand, starting from the observed fact that 
the movement of rigid figures is possible in our space, 
with the degree of freedom that we know, deduce the 
necessity of the algebraic expression taken by Riemann 
as an axiom. The assumptions that I had to make as 
the basis of lire calculation were the following. • 

Tirst, to mSke algebraical treatment at all possible, 
it must te ^sgumed that the position of any point A 
can be determined, in relation to certain given figures 
talceu as fixed leases, by measurement of some kind of 
magnitudes, as lines, angles between lines, angles 
between surfaces, and so forth. The measuxements 
necessary for determining the position of A are known 
as its co-ordinates. In general, the number of co- 
ordinates necessary for the complete determination of 
the positioh of a point, marks the number of the dimen- 

* Ueber die Thats&cben die dei Oeometxie 2xliii Q-ninde liegen 
iNac)mclLtenv4)n der Ttdnigl. d, Wist.m Gottingenf JimiS, 1868). 
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sions of the space in q^uestion. It is further assumed 
that with the movement of the point A, the magnitudes 
used as co-ordinates vary continuously. 

^ Secondly, the defimtion of a solid body, or rigid 
system of points, must he made in such a way as to 
admit of magnitudes being compared by congruence. 
As we must not, at this stage, assume any special 
methods for the measurement of magnitudes, our defi- 
nition can, in the first instance, rxm only as follows 
Between the co-ordinates of any two points belonging 
to a solid body, there must be an equation which, how- 
ever the body*is moved, expresses a constant spatial 
relation (proving at last to be the distance) between , 
the two points, and which is the same for congruent 
pairs hf points, that is to say, such pairs as can be 
made successive^ to coincide in space with the same 
fixed pair of points. , 

However indeterminate in appearance, this defini- 
tion invol'^^s most important consequences, because 
with increase in the number of points, the number of 
equations increases much more quickly than the number 
of co-ordinates whifh they determine. Five points, 

A, B, C, D, E, give ten different pairs of points 
AB, AC,AD,AE, 

BC,BD,BE, 



f 
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And therefore ten equations, involving in space of three 
dimensions fifteen variable co-orSinates. But of these 
fifteen, six must remain arbitrary, if the system of five 
points is to admit of free moveEaent and rotation, and 
thus the ten equations can determine only nine co-ordi- 
nates as functions of the six variables. With six points 
vre obtain fifteen equations for twelve quantities, with 
seven points twenty-one equations for fifteen, and so 
,on. Now from n independent equations we can 
determine ti contained quantities, and if we have ^ 

more than ti equations, the superfluous ones must be 
deducible from the first w. Hence it f&llows that the 
, equations which subsist between the co-ordinates of 
each pair of points of a solid body must have a special 
character, sdbing that, when in space of three dimen- 
sions they are satisfied for nine .pajrs of points as 
formed out of*any five points, the equation for the tenth 
pair follows by logical consequence. Thus our assump- 
tion for the definition of solidity, becomes quite su^- 
cient to determine the kind of equations holding be- I 

tween the co-ordinates of two points rigidly connected. j 

Thirdly, the calculation must, further be based on ' 
the feet of a peculiar circirmstance in the movement of | 
solid bodies, a feet so familiar to us that but for this ^ 

inquiry it might never have been thought of as some- i 

1 iiing that need not be. When in our space of three 
dimensions two pomts of a solid body are kept fixed, 
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its movements are Ijpiited to rotations round the 
straight line connecting them. If we turn it com- 
pletely round once, it again occupies exactly the po- 
sition it had at first. This fact, that rotation in one 
direction always brings a solid body back into its ori- 
ginal position, needs special mention. A system of 
geometry is possible without it. This is most easily 
seen in the geometry of a plane. Suppose that with 
every rotation of a plane figure its linear dimensions in-, 
creased in proportion to the angle of rotation, the figure 
after one whole rotation through 360 degrees would no 
longer coincide with itself as it was originally. But 
any second figure that was congruent with the first in • 
its ori^nal position might be made to coincide with it 
in its second position by being also t^ned through 
360 degrees. A consistent system of geometry would 
be possible upon this supposition, which 3.oes not come 
under Riemann’s formula. • 

m 

m On the^otter hand I have shown that the three 
assumptions taken together form a sufficient basis for 
the starting-point of Eiemann’s investigation, and 
thence for all his ftirther results relating to the dis^ 
tinction of different spaces according to their measure 
of curvature. 

m. 

It still remained to be seen whether the laws of 
motion, as dependent on moving forces, could also be 
consistently transferred to spherical or pseudospherical 
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space. This investigation hag^been carried out by 
Professor Lipscbitz of Bonn.* It is found that the 
comprehensive expression for all the laws of dynamics, 
Hamilton’s principle, may be directly transferred to 
spaces of which the measure of curvature is other than 
zero. Accordingly, in this respect also, the disparate 
systems of geometry lead to no contradiction. 

We have now to seek an explanation of the special 
.characteristics of our own flat space, since it appears 
that they are not implied in the general notion of an 
extended quantity of three dimensions and of the free 
mobility of bounded figures therein. 'Necessities of 
• thought, such as are involved in the conception of such 
a variety, and its measurability, or from the most 
general of all ideas of a solid figure contained in it, 
and of its free mobility, they undoubtedly are not. 
Let us then "examine the opposite assumption as to 
their origin being empirical, and see if they can be 
inferred from facts of experience and so esttiblished, 
if, when tested by experience, they are perhaps to he 
rejected. If they are of empirical origin, we must he 
able to represent to ourselves connected series of facts, 
indicating a different value for the measure of curva- 
ture from ,that of EucKd’s flat space. But if we can 

• ‘Gntersuchmigen fiber die ganzon bomogonenEanotionenTonn 
Differentialen’ (Borohardt's Jounial fUr MatJiemtetik, Bd. lxx.3,71j 
Ivxiii. 8, 1) ; ' Untersttclumg eines Problems der Variationsrcdmvuig’ 
{Ibid. Bd. Ixxlv.). 
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imagine sucL. spaces of other sorts, it cannot be main- 

•* 

tained that the axioms of geometry are necessary con- 
sequences of an a priori transcendental form of intui- 
tion, as Kant thought! 

The distinction between spherical, pseudospherical, 
and Euclid’s geometry depends, as was above observed, 
on the value of a certain constant called, by Riemann, 
the measure of curvature of the space in question. 
The value must be zero for Euclid’s axioms to holjjj 
good. If it were not zero, the sum of the angles of 
a large triangle would differ from that of the angles of 
a small one, Being larger in spherical, smaller in pseu- 
dospherical, space. Again, the geometrical similarity, 
of large and small solids or figures is possible only in 
Euchd’s space. All systems of practical mensuration 
that have been* used for the angles of large rectilinear 
triangles, and especially all systems of astronomical 
measurement which make the paralkx of the im- 
gneasurably distant fixed stars equal to zero (in pseudo- 
spherical space the parallax even of infinitely distant 
points would be positive)^ confirm empirically the 
axiom of parallels, •and show the measure of curvature 
of our space thus far to be indistinguishable from zero* 
It remains, however, a question, as Eiemann observed, 
whether the result might not be different if we coixld 
use other than our limited base-lines, the greatest of 
which is the major axis of the Orth’s orbit. 
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Meanwhile, we must not forget that all geometrical 
measurements rest ultimately upon the principle of 
congruence. We measure the distance between points 
by applying to them the compasS, rule, or chain. We 
measure angles by bringing the divided circle or theo- 
dolite to the vertex of the angle. We also determine 
straight lines by the path of rays of light which in 
our experience is rectilinear ; but that light travels in 
shortest lines as long as it continues in a medium of 
constant refraction would be equally true in space of a 
different measure of curvature. Thus all our geo- 
metrical measurements depend on our* instruments 
being really, as we consider them, invariable in form, 
or at least on their undergoing no other than the small 
changes we krpow of, as arising from variation of l^em- 
peratuxe, or from gravity acting differenj^ly at different 
places. * • 

In measuring, we only employ the best and surest 
means we know of to determine, what we othierwise are^ 
in the habit of making out by sight and touch or by 
pacing. Here our own body with its organs is the 
instrument we carry about in space. Now it is the 
hand, now the leg, that serves for a compass, or the eye 
turning in all directions is our theodolite for measur- 
ing arcs an<f angles in the visual field. 

Every comparative esthnate of magnitudes or mea- 
surement of their spatial relations proceeds therefore 
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upon a supposition as to the beliaYioiir of certain pliY- 
sical things, either the hunaan body or other instru- 
ments employed. The supposition may be in tlie 
highest degree probable and in closest harmony with 
^ all other physical relations known to us, but yet it 
passes beyond the scope of pure space-intuition. 

It is in fact possible to imagine conditions for 
bodies apparently solid such that the measurements in 
Euclid’s space become what they would be in spherical 
or pseudospherical space. Let me first remind the 
reader that if all the linear dimensions of other bodies, 
and our own,*at the same time were diminished or in- 
creased in like proportion, as for instance to half or 
double their size, we should with our means of space- 
perception be utterly unaware of the tihange. This 
would also be the case if the distension or contraction 
were different in different directions^ provided that 
our own body changed in the same manner, and further 
^that a b#dy in rotating assumed at"* every moment, 
without suffering or exerting mechanical resistance, 
the amount of dilatation in its different dimansioni 
corresponding to its position at the time. Think of 
the image of the world in a convex mirror. Tim 
common silvered globes set np in gardens give the 
essential features, only distorted by some opiiail ir- 
regularities. A well-made convex mirror of moderate 
aperture represents the objects in front of it as ap- 
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parently solid and in fixed positions behind its surface. 
But the images of the distant norizon and of the sian 
in the sky lie behind the mirror at a limited distance, 
equal to its focal length. Bet^en these and the sur- 
face of the mirror are found the images of all the other 
objects before it, but the images are diminished and 
flattened in proportion to the distance of their objects 
from the mirror. The flattening, or decrease in the 

third dimension, is relatively greater than the decrease 

• 

of the surface-dimensions. Yet every straight line or 
every plane in the outer world is represented by a 
straight line or a plane in the image. The image of a 
^man measuring with a rule a straight line from the 
mirror would contract more and more the farther he 
went, but with his shrunken rule the man iif the 
image would count out exactly the same number of 
centimettes as# the real man. And, in general, all 
geometrical measurements of lines or angles made 
with regularly ^varying images of real instruments^ 
would yield exactly the same results as in the outer 
world, all congruent bodies would coincide on being 
applied to one another in the mirror as in the outer 
world, all lines of sight in the outer world would be 
represented by straight lines of sight in the mirror. 
In short I* do not see how men in the mirror are 
to discover that their bodies are not rigid solids and 
their experiences good examples of the correctness of 
Euclid’s axioms. But if they could look out upon our 
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wci'ld as we can look into theirs, without overstepping 
the boundary, they Aust declare it to be a picture in a 
spherical mirror, and would speak of us just as we 
speak of them ; and if two inhabitants of the different 
w’orlds could communicate with one another, neither^ 
so far as I can see, would be able to convince the other 
that he had the true, the other the distorted, relations. 
Indeed I cannot see that such a question would have 
any meaning at all, so long as mechanical considerations 
are not mixed up with it* * 

^^ow Beltrami’s representation of pseudospherical 
space in a sphere of Euclid’s space, is quite similar, ex- 
cept that the background is not a plane as in the 
convex mirror, but the surface of a sphere, and that 
the ‘proportion in which the images as they approach 
the spherical surface contract, has a •different mathe- 
matical expression.^ If we imagine fhen, (inversely, 
that in the sphere, for the interior of which Euclid’s 
^axioms j^old good, moving bodies Contract as they 
depart from the centre like the images in a convex 
mirror, and in such a way that their representatives 
in pseudospherical space retain their dimensions 
unchanged, — observers whose bodies were regularly 
subjected to the same change would obtain the 
same results from the geometrical Measurements 
they could make as if they lived in pseudospherical 
space. 

* Oorapaxe tlie Appendix at the end of this Lecture. 
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We ran even go a step further, and infer how tti« 
objetis in a pseudosplioriail worlif, were it t«» 

enter one, would apjxwr to an observer, wlxwe eye- 
iiieaKure and exi«*riimee* <»f si*ietFhnd iieen gained !ik« 
ours in Kuclid’s «j«ee. Bticli an oliwrver would jxin- 
firme to look ufKin rays of light or the lines of vision 
a* straight lines, such as nr« met with in flat 
and !W they really are in the splicrical repre»«»nlation 
of jjHfudimjdierieid spare. The visnni itiinge of the 
objects ill pseudwpherical »ji«ee would thui make tb» 
same im[jr«-SHion upon him n* if In* weri* wl the eenfrn 
of Il»*l!riimi'a sphere, lie would think •{!« ««w th« 
most remote objeeta foiiiid almtit hlin at a finite 
ilistatiee,' let «» »i»p[xnM* a huwlrwj feet ofT. But M 
he apprcwhix! 4 heats tlinlawt (ibjtteta, they wniihl dBat# 
l«‘fore him, t!inii|li more in the thinJ il|nt«fit«ion tlina 
auprfieiafly, while Itebind him lliey would conlmet. 
Ho would know ih«t his eye Judged wrongly. If b« 
mw two straiglt linos which in his wtJmal# wn 
pmllel for the hundrwl f««et to his world’s end, he 
Would find on following them that lli« farther h« 
«dvan«l tib® wore they diveige<i» hoiaiise tif th« 
dilatatiim of al! the ohjacta to wbieh he •pjwotrfw^. 
On tins other hand, b^ml him, th«tr diatiinM would 
•eeitt to dlmlniiih, M that m he they would 

* Tl« eweipwe*! rf «tM sf iMs dfoseesH etpewsod f» 

negwUtfi u«i«BHi|r, would to liw . Bi ii i i Mii is ef airwiiiw of itw 
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appear always to diverge more and more. But two 
straight lines which^from his first position seemed to 
converge to one and the same point of the background 
a hundred feet distSint, would continue to do this 
however far he went, and he would never reach their 
point of intersection. 

Now we can obtain exactly similar images of our 
real world, if we look through a large convex lens of 
corresponding negative focal length, or even through a 
pair of convex spectacles if ground somewhat prisma- 
tically to resemble pieces of one continuous larger lens. 
With these, 4ike the convex mirror, we see remote ob- 
jects as if near to us, the most remote appearing no 
farther distant than the focus of the lens. In going 
abo^t with this lens before the eyes, we find that the 
objects we approach dilate exactly ih the manner I 
have described for pseudospherical spage. NSw any one 
using a lens, were it even so strong as to have a focal 
length of only sixty inches, to say nothing of a hun- 
dred feet, would perhaps observe for the first moment 
that he saw objects brought nearer. But after going 
about a little thg illusion would vanish, and in spite 
of the false images he would judge of the distances 
rightly. We have every reason to suppose that what 
happens in a few hours to any one beginning to wear 
spectacles would soon enough be experienced in pseu- 
dospherical space. In short, pseudospherical space 
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would not seem to ns verj^ 

speaking; we skonld only at &M be subject to illu- 
sions in measuring by eye tbe size and distance of tbe 

more remote objects. * 

There would be illusions of an opposite description, 
if, with eyes practised to measure in Euclid’s space, we 
entered a spherical space of three dimensions. We 
should suppose the more distant objects to be more 
remote and larger than they are, and should find on 
aj^proaching them that we reached them more quickly 
than we expected from their appearance. But we 
should also see before us objects that w£ can fixate 
only with diverging lines of sight, namely, all those 
at a greater distance firom us than the quadrant of a 
great circle, guch an aspect of things would hardly 
strike us as very^traordinary, for we can have it even 
as things are if we place before the eye a slightly pris- 
matic glass with the thicker side towards the nose : the 
eyes must then •become divergent to take iy distant 
objects. This excites a certain feeling of unwonted 
strain in the eyes, but does not perceptibly change the 
appearance of the objects thus seen. The strangest 
sight, however, in the spherical world would be the 
back of our own head, in which all vistial lines not 
stopped by ofter objects would meet again, and which 
must fill the extreme background of the whole per- 
spective picture* 
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At the same time it mast be noted that as a small 
elastic flat disk, say india-rubber, can only be fitted 
to a slightly curved spherical surface with relative con- 
traction of its borderland distension of its centre, so 
• our bodies, developed in Euclid’s flat space, could not 
pass into curved space without undergoing similar 
distensions and contractions of their parts, their co- 
herence being of course maintained only in as far as 
their elasticity permitted their bending without break- 
ing. The kind of distension must be the same as it 
passing from a small body imagined at the centre of 
Beltrami’s sphere to its pseudospherical or spherical 
representation. For such passage to appear possible, 
it will always have to be assumed that the body i^ 
sufficiently elastic and small in comparison with the 
real or imaginary radius of curvature of the curved 
space into which it is to pass. ^ 

These remarks will suffice to show the way in 
which we can infer from the known 3aw8 of our sen- 
sible perceptions the series of sensible impressions 
which a spherical or pseudospherical world would give 
us, if it existed. In doing so, we nowhere meet with 

m 

inconsistency or impossibility any more than in the 
calculation of its metrical proportions. We can re- 
present to ourselves the look of a pseudospherical 
world in all directions just as we can develop the con- 
ception of it. Therefore it cannot be allowed that the 
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axioms of our geometry doprart on tJio native form of 
oar perceptive fiiculty, or are la any way <ronii«’i;t«*iI 
with it. 

It is different with the throe dirnonsimis of spswo. 
As all our means of 8enHe-pero«*|)t:«»n cxieriil only to* 
apace of three dimensions, and a fourth I* not morrly 
a modification of what we have, bat •ometliing per- 
fectly new, we find ourselves by nwon of our hwJily 
organisation quite unable to repreieat a fourth di- 
biension. 

In conclusion, I would again urge that the axioiiit 
of geometry are not pre^sitions pertaining only to 
the pure doctrine of 8|mco. As I mdd h»»fore, tfiey are 
Wcemed with quantity. We am spwk of quantitiei 
only when we know of some way by whirh wa Pajwoiii- 
pare, divide, aad saoware them. All upce-m^auti- 
ments, and therefor® in general all hleas of qiianiltl<i 
applied to space, asBoin® tho possibility of figures mov- 
ing without change of form or siM. It is tpe we are 
aocnstomdl in geometiy to ^ll such fifnres purely 
geometrical solMs, snrfaces, angles, and lints, bttaane 
we abstract from all the <gher distinction^ physItsaJ 
and chemical, of nainral holies} bat yet one physiritl 
quality, rigidity, is retained. Now we lav© no other 
mark of rigidity of bodies or figwres bat oongruotif.©, 
whenever they are aj^Med to one another af any lime 
or place, and after any revolatii»« W§ cannot, hew- 
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ever, decide bypxire geometry, and vdtlioixt mecliamcal 
considerations, whether the coinciding bodies may not 
both have varied in the same sense. 

^ If it were useful for any purpose, we might with 
perfect consistency look upon the space in which we 
live as the apparent space behind a convex mirror with 
its shortened and contracted background ; or we might 
consider a bounded sphere of our space, beyond the 
limits of which we perceive nothing further, as infinite , 
pseudospherical space. Only then we should have to 
ascribe to the bodies which appear to us to be solid, and 
to our ownbodj^at the same time, corresponding disten- 
sions and contractions, and we should have to change , 
our system of mechanical principles entirely; for even 
the pr8position that every point in motion, if acted upon 
by no force, continues to move with unchanged velo- 
city in a straight line, is not adapted to* the image of 
the world in the convex-mirror. The path would in- 
deed be straight, but the velocity would’ depend upon 
the place. 

Thus the axioms of geometry are not concerned 
with space-relations. only but also at the same time 
•with the mechanical deportment of sohdest bodies in 
motion. The notion of rigid geometrical figure might 
indeed be conceived as transcendental in Ka^it’s sense, 
namely, as formed independently of actual experience, 
which need not exactly correspond therewith, any more 
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tTian natural bodies do ever in fact correspond 
to the abstract notion we have obtained of them bj in- 
duction. Taking the notion of rigidity thus m a in«e 
ideal, a strict Kantian might csertalnly look upon the 
geometrical axioms m propositions given, 4 pmm, by 
transcendental intuition, which no experience could 
either confirm or refute, because it must first Imdct'lilMi 
by them whether any natural bodies ©an ba a»iaid«r€d 
^8 rigid. But then we should have to maintain that the 
axioms of geometry are not synthetic propewitions, as 
Kant held them ; they would merely define wha* quali- 
ties and deportment a body must have tb be recognised 
as rigid. 

But if to the geometrical axioms we add propwl- 
tions relating to the mechanW propeitiai of iteoral 
bodies, were it only the axiom of inertiii, or the single 
proposition, that the mechani«l and physical pop«r- 
ties of bodies" and their mutual rea^ioas axe, other 
circumstances remaining the same, indrpentlent of 
place, such a system d propositions has a real Itniawt 
which can be wfirmed car refuted by exjmriimee, but 
just for the same reason can also be gaitnd by Mpe«» 
rience. The mwlauttical axiom, jnit died, is in feci of 
the utmost imp<»taace for the whole eystem of oar 
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•v^part of.a^e it.™ eztenaal force affect, tieio, 
a ™gle ca.e falliag „adcr the general principle. 

laconelndon Ido not, ot ecu,*. praintaln thatraan. 
tand feat arrmd at ,paee-intaitioa., in agreement with 
the arrom. .f Enehd, hp any caretnlly .reented system, 

of e^ measmement. K wa, rather a snecession of 
ove^day erperiences. especially the perception of the 
geometo»l dmilarity of great and smaU bcdies, only 
poss.b e m flat space, that led to the rejection, a, iml 

^ss.ble of erery geometrical representation at rarianc, 

^ thm »t._ For this no Wledge of the necl 
^ lojpcal connection between the observed tact of 
geometncal similarity and the adorn, was needed ; bnt • 

hetweSn hnes, planes, angles, 4e., obta*.ld by nnme- 
a™. and attentive observations-an intnitJof le 
W the artist possesses of the object, £. is to repre 
sent, and by nieans of which he decidesjrith certainty 
aj accuracy whether a new combination, which he tries 
w.n correspond or not with their nature. It i. tru" 
tto we have no word but to mark this; but 

““ ^npirically gained by the aggregation 

Md remforcement of similar recurrent impression, in 
mory, and not a transcendental form giv^n before 
«e. ibat other such empirical .* tuition, " 
fined typical relations, when not dearly comprehend;d 

have ffeguenfly enough hem. taken by metaphyddmj 

i% 
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for ^ jpT^/yi% pttucdpl©!!^ ^ ppiiifc 05fi wHitjli I 
not insist. 


To sim mp, the inal oatcoui® of the irloto toquliy, 
iiia 7 be thus expr^seds — 

(1.) The axioms of geometiy, fcakaa by tliniauRltts 
out of all couneotion with mcdb&m«d ^epwltiflai, m- 
present no xelations of seal ttiinp. Whm thw !»• 
lated, if we regaxdi them with Kant as forms of 
intuition transcendentally given, they eonititut* a 
form Into which aay empiri,<sal omtmk wimtmm will 
fit, and which therefore do®i not Sn my my Walt or 
determine heforebuid the natore of the matenl. Tbli 
is true, however, nc^ only of Ewiid’i ajd^ns, hvt iIm 
of the axioms of i^hericed imd pawodospheriol gm- 
metry#'* <» 

(2.) As sqSm as e&Ma prlndplss of n«eb&»i«« lure 
conjoined with the axioms ef geomeby, %« ohUioua 
system of {ropodfions which baa r<»i tmporiy and 
which cem he wadfiedi <r overturned by emphtel «^cr* 
vatiotts, lust as it can be tofwrrol'fiMm e*|»«ri#*n«. If 
such a system were to be takoa •• a t»Me««fe»lat 
form of iatuitdcm and tibotght, tiiere nnel bo iwiwwl 
m {H-e'established hammy hctWMtt Ibm atid mlity* 


r' 
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appendix 


The elements of the geometr 7 of spherical space are most 
easi y o tamed by putting for space of four dimensions the 
equation for the sphere „ 


. . 




and for the dist^ce ds between the points (x, y, z, t) and 
[{x+dx) {y+dy) {z+dz) (<+d<)] the value 


d8'^=dx^+dy^+dz^+dfi ( 2 .) 

It is ^ay found by means of the methods «sed for three 
dimensions that the shortest lines are gives by equations of 
the form 


ax+ly+as-^ft=0\ • 

ax+j3y+yz+ft=Qi ’ ' ' ‘ ' (3-) 


i» which a, c,f as well as a, /?, y, are constants. 

The length of the shortest arc, a, between the points 

(«, y, z, t), and (?, u, r) follows, as in the sphere, from the 
equation 

cos ^ 

(4.) 

One of the coKirdinates may be eliminated from the values 
pven m 2 to 4, by means of equation 1, and the ‘expressions 
tnen apply to space of three dimensions. 

If we take the distances from the points 


l.> I 


m 
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from -wldcli equation 1 gives t — i?,^th.en, 


inwHcli 

or, »,=E . arc sin (|) =Ii • arc tang (j)- ■ ■ (5-) 

Tn tHs, is tLe distance of the point a;, y, z, measured 
from the centre of the co-ordinates. 

If now we suppose the point Xy Zy of spheiical space, 
to be projected in a point of plane space whose co-ordinates 


then in the plane space the equations 3, which belong to 
the straightest lines of spherical space, are equation^^of the 
straight line.* JEence the shortest lines of spherical space 
are represented in the system of Xy it, ^7 straight lines. 
For verf small j^alues of x, yj z, t=Ey and 


Immediately about the centre of the co-oidinates, the 
measurements of both spaces coincide. On the other hand, 
we have for the distances from the centre 


in this, r may 1^ infinite; but every point of plane space 
,must be the projection of two points of the sphere, one for 
which ^ which 8q > ^ liir. The 

extension in the direction of r is then 
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In order to obtain corresponding expressions for pseudo- 
spberical space, let M a^d t be imaginarj ; that is, 7i*= 
and Equation 6 gives then 


tang -5-- 


from which, eliminating the imaginary form, we get 


I log. nat 


£+r 


Here lias real values only as long as r==It; for r=lR the 
distance in pseudospherical space is infinite. The imag^ 
in plane space is, on the contrary, contained in the sphere of 
radius i?, and every point of this sphere forms only one 
point of the infinite pseudospherical space. The extension 
in the direction**of r is 




For linear elements, on the contrary, whose direction is at 
right angles to r, and for which t is unchanged, we have in 
both cases »» 


V t f o- 









ON 

THE EELATION OE OPTICS 

TO 



PAINTING. 

Being the mlatance of a aeries of Lectures delivered m 
Cologne^ Berlin^ and Bonn. 

• 

I FiiiE that the announcement of my intention to ad- 
dress you on the subject of plastic art tuay have created 
no little surprise among some of myihearets* For I 
cannot doubt that many of you hav^ had more fre- 



quent opportunities of viewing works of art, and have 
more thoroughly studied its historical aspects, than I can 
lay claim to have done ; or indeed have had personal 
experience in the ^tual practice of art, in which I am 
entirely wanting* I have arrived at my artistic studies 
by a path which is but little trod, that is, by the phy- 
siology of the senses ; and in reference to those who 
have a long acquaintance with, and who are quite at 
home in the beautiful fields of art, 1 may compare 



74 ON THE RELATION OF OPTICS TO PAINTING 


myseK to a traveller wIlo has entered upon them by 
a steep and stony mountain pa-fihi, but who, in doing 
so, has passed many a stage from which a good point 
of view is obtained. If therefore I relate to you what 
I consider I have observed, it is with the understand- 
ing that I wish to regard myself as open to instruction 
by those more experienced than myself. 

The physiological study of the manner in which 
the perceptions of our senses originate, how impressions 
from without pass‘ into our nerves, and how the condi- 
tion of the latter is thereby altered, presents many 
points of contact with the theory of the fine arts. On 
a former occasion I endeavoured to establish such a 
relation between the physiology of the sense of hearing, 
and the theory of music. Those relations in that^ case 
are particularly clear and distinct, because the elemen- 
tary form^ of music depend more closely on the nature 
and on the peculiarities of our perceptions than is the 
case in other arts, in which the nature of th© material^ 
to be used and of the objects to be represented has 
a far greater influence. Yet even in those other 
branches of art, the especial mode of perception of 
that organ of sense by which the impression is taken 
up is not without importance ; and a theoretical in- 
sight into its action, and into , the principle of its 


ON THE RELATION OF OPTICS TO PAINTINO. 75 

seems to predominate more particularly in paintings 
and this is the reason why I have chosen painting as 
the subject of my present lecture. 

The more immediate object of the painter is to 
produce in us by his palette a lively visual impression 
of the objects which he has endeavoured to represent. 
The aim, in a certain sense, is to produce a kind of 
optical illusion ; not indeed that, like the birds who 
pecked at the painted grapes of Apelles, we are to sujh 
pose we have present the real objects themselves, and 
not a picture ; but in so far that the artistic represen- 
tation produces in us a conception of their objects as 
vivid and as powerful as if we had them actually before 
us. The study of what are called illusions of the senses 
is However a very prominent and important part of 
the physiology of the senses; for just those cases in 
which external impressions evoke conceptiSns which 
are not in accordance with reality are particularly in- 
^ structive^or discovering the laws of those means and 
processes by which normal perceptions originate. We 
must look upon artists as persons whose observation 
of sensuous impressions is particularly vivid and accu- 
rate, and whose memory for these images is particu- 
larly true. That which long tradition has handed 
down to the men most gifted in this respect, and 
that which they have found by innumerable experi- 
ments in the most varied directions, as regards means 
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..d method, otrepre.eot.tioo, to.. seriM ot import 
ant and significant fiicts, which the physiolo^si^ who 
has here to learn from the artist, cannot afford to n<s- 
glect. The study of works of art will throw gr&it light 
on the question as to which elements and relations of 
our visual impressions are most predominant in deter- 
mining our conception of what is seen, and what others 
are of less importance. As far as lies within his power, 
the artist will seek to foster the former at the cost of 
the latter. 

In this sense then a aureful observation of the 
works of the great masters will be servicmble, not only 
to physiological optics, but also because the invmtigaticm 
of the laws of the percepMons and of the dMeri^tions 
of the senses 'will promote the theory of art, th^ is, 
the comprehension of its mode of action, 

We hhve not here to do with a disenssjon of the 
ultimate objects and alms of art, but only with an ex- 
amination of the action of the elanentaiy tt^mns with# 
which it works. The knowledge of the hdter most, 
however, form an indispensable ImIs for the solution 
of the de^r questions, if we are to understand the 
problems which the artist has to 8<dve,iind the mode 
in which he attempts to attain his objed. 

I need scarcely lay sfaress on the feet, following m 
it does from what I have already add, thrt it is not 
my intmition to furnish instructions acofflrding to which 
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I. Form. 

The painter seeks to produce in his picture an Image 
of external objects. The first mm of our inv«ttig!iti«m 
must be to ascertain what degree and what kind of 
similarity he can expect to attain, and what limits are 
assigned to him by the nature of his method. The 
uneducated observer usually requires nothing more 
than an illusive resemblance to nature t more this 
is obtained, the more does he delight in the pietore. 
An observer, on the contrary, whwe taste In works of 
art has been more finely educated, will, oonscioiwly or 
unconsciously, r^nire something more, and something 
difierent.* A faithful copy of crude Nature he will at 
most regard as ,an artistic to. To satisfy him, he 
will need artistic selection, grouping,and eve» idimlto, 
tion of the objects represented. The human figun* 
in a work of art must not be the everyday figure*, 
such as we see in photographs f they must have ex- 
pression, and a characteristie development, and if 
possible beautiful forms, which lave perhaps he- 
longed to no living individuals or Indeed any indi- 
viduals which ever have existed, but only to aucdi a 
one as might exist, and a$ must exist, to produce a 
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vivid perception of any particular aspect of human 
existence in its comptete and unhindered development* 

If however the artist is to produce an artistic 
arrangement of only idealised types, whether of man 
or of natural objects, must not the picture he an 
actual, complete, and directly true delineation of that 
which would appear if it anywhere came into being ? 

Since the picture is on a plane surface, this faith- 
ful representation can of course only give a faithful 
perspective view of the objects. Yet our eye, whicli 
in its optical properties is equivalent to a camera 
obscura, the «well-known apparatus of the photo- 
grapher, gives on the retina, which is its sensitive 
plate, only perspective views of the external world; 
thesa are stationary, like the drawing pn a picture, 
as long as the standpoint of the eye* is not altered. 
And, in fact, if' we restrict ourselves iij the tot place 
to the form of the object viewed, and disregard for 
the present any consideration of coloJir, by a correct 
perspective drawing we can present to the eye of an 
observer, who views it from a correctly chosen point 
of view, the same^ forms of the visual image as the 
inspection of the objects themselves would present to 
the same eye, when viewed from the corresponding 
point of view. 

But apart from the feet that any movement of the 
phserver, whereby bis eye changes its podUon, wiU 
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produce displacements of the visual imago, difhfrent 
when he stands before object/ illrom those when h« 
stands before the image, I could speak of only W10 
eye for which equality of impression is to 
lished. We however see the world with two eyes, 
which occupy somewhat different positions in spaoo, 
and which therefore show two different perspective 
views of objects before us. This difference of the 
images of the two eyes forms one of the in«t im- 
portant means of estimating the distance of objects 
from our eye, and of estimating depth, wid this is 


kind of vividness in which eith«f of the pictures It 


we view 
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and also somewhat more of those behind it, than we 
do with the left eye ’ and conversely we see with the 
left, more of the left side of an object, and of the back- 
ground behind its left edges, and partially concealed 
by the edge. But a flat picture shows to the right eye 
absolutely the same picture, and all objects represented 
upon it, as to the left eye. If then we make for each 
eye such a picture as that eye would perceive if itself 
looked at the object, and if both pictures are combined, 
in the stereoscope, so that each eye sees its correspond- 
picture, then as far as form is concerned the 
same impression is produced in the two eyes as the 
object itself produces. But if we look at a drawing or, 
a picture with both eyes, we just as easily recognise 
that ft is a representation on a plane surface, which is 
different from that which the actual object would show 
simultaneously to both eyes. Hence iff due ftie well- 
known increase in the vividness of a -picture if it is 
looked at with only one eye, and while quite stationary, 
through a dark tube ; we thus exclude any comparison 
of its distance with that of adjacent objects in the 
room. For it must-be observed that as we use differ- 
ent pictures seen with the two eyes for the perception 
of depth, in like manner as the body moves from one 
place to another, the pictures seen by the same eye 
serve for the same purpose. In moving, whether on 
foot or riding, the nearer objects are apparently dis- 
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placed in comparison -with the more dishint the 

former appear to recede, the latter appear to move with 
ns. Hence arises a far stricter distinction bet wi‘<‘ii what 
is near and what is distant, tlian seeing with one eye 
from one and the same spot would ever affoitl us. If 
we move towards the picture, the sensuous iiiipn^sshm 
tliat it is a flat picture hanging against the w.'tll foroos 
itself more strongly upon us than if we look at ft while 
„W0 are stationary. Compared with a large pioture at a 
greater distance, ail those elements which (h‘pi*ml on bin- 
ocular vision and on the movement of the Ixaiy are less 
operative, because in very distant objects the difliT- 
„enees between the images of the two eyes, or be- 
tween the a^eet from adjacent points ©f view, s«ibi 
less. Hencef large piotures fumbh a less dilbjrtirf 
aspect of their object than small ones, whilo the 
topr»ilon onb stationary eye, of a small picture close 
at hand, migM be just the same as that of a large 
distant one. In a painting clo^ at Itand, fact that 
it is a flat picture continually farces itself more power- 
fully and more distinctly on our perception. 

The fact that perspective dmw.big*, which are taken 
from too near a point view, may eastly prwiuce a 
distorted impression, is, I think, connectwi with this. 
For here the want of the second representation for the 
other eye, which would very diffWont, is too marked, 
•On the other land, what are called geomotrical pro- 
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Sion, whicli impresses itself without fatigue oa the 
observer. 

This direct intelligibility is^ again the pndimiuary 
condition for an undisturbed, and vivid action of tlio 
picture on the feeling and iiukhI of the obwfrver. 

The subordinate methods of expressing depth which 
have been referred to, depend in the first place on ptr- 
spective. Nearer objects partially conceal more distant 
.ones, but can never thcinselvcs Iks conccsalcd by the 
latter. If therefore the punter skilfully groups hla ob- 
jects, so that the feature in question comes into play, 
this gives at once a very certain gradation of far ami 
near. This mutual concealment may even preponderate 
over the binocular perception of depth, if ^reoacopio 
pictures are ihtentionally produced in whieh imehTBOua- 

'III 

teracts the other. Moreover, in bodie# of regular or of 
known lorm, the forms of perspective projection are for 
the most part diaractaristio for tim depth of the object. 
If we look at hooses, or other resndts of niAn*s aurtis^p 
activity, we know at the outset that the forais are for the 
most part plane surfaces at right angles to each oUmw, 
with occasional circular or even spheroidal swrikses. And 
in foot, when we toow so much, a correct perspective 
drawing is sufficient to produce the whole shape of the 
body. ITiis is dlso tjfcw tmse with the figures of »cb ami 
animals wMch are fomiliar to us, iwd whtMc foms 
moret/ver show two symamtrimil halvai. T^e be»t per- 


spectiv# drawing m hciweiw m lint- in t!i« 

am of im*gfiliir Mlmpm^ mugh blw^ki of mok iimi 
murntm of fiSagn^ ami thi! likn; iliiii, fliii i« k }$imi 
mmn in phot ogruplm^ whom tlio p^mpoHlvti mid Mhmiing 


w liiiiiiiwi fMiliitiiiiitn* iirii 0mm in a 
rmmmmt to lli© iilinifrvi^r t}i« clirw-lifiii tif tliii 
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the file gradation and transitionB of ligid. and shado 
on rounded surfeces, which are fiis duof meaim of ox- 
pressing their modelling, with all their fine chaiigoi of 
curvature ; he must take into account th« oxti'iim’on or 
restriction of the sources of light, and the itmUisd 
reflection of the surfaces on each other. Wliile tlie 
modifications of the lighting on the surfiu'e of Ixulies 
themselves is often dubious — for instance, an intaglio 
,of a medal may, with a particular illumination, pro- 
duce the impression of reliefs which arc only illtitnt- 
nated from the other side — double shadows, on the 
contrary, are undoubted indications that the Ixjrly which 
.throws the shadow is nearer the source of light than 
that which receives the shadow. This rnle Is so mm- 
pletely withdut exception, that even in stentm'opie 
views a falsely pkced double shadow# may dwtioy or 
amfuse^he entire illosion. 

IThe varim;^ kinds of illumination are aot all wpiaHy 
favourable for obtaining tbe full effect df sbatlowr. 
When the observer looks at the objmito in the same 
direction as that in which light falls upon them, he 
sees only their illnminated sides ’and nrdhing of the 
shadow; the whole relief which the shadows could give 
then disappears. Iff tbe object is between the mmen 
of light and the obwrver he only sees tho »bi«krws. 
Hence we need kteml iilumination for a pictnreiepie 
shading; and ovar sttcfecei which like those of plane 
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in the atmosphere, which never entirely disappears. 
If, in a transparent medium, there are fine transparent 
particles of varymg density and varying refrangibility, 
in so far as they are struck by it, they deflect the 
light passing through such a medium, partly by reflec- 
tion and partly by refraction ; to use an optical expres- 
sion, they scatter it in all directions. If the opaque 
particles are sparsely distributed, so that a great part 
of the light can pass thi-ough them without being 
deflected, distant objects are seen in sharp, well-defined 
outlines through such a medium, while at the same 
time a portion of the %ht which is deflected is dis- 
fributed in the transparent medium as an opaque halo. 
Water rendered turbid by a few drops of milk shows 
this dispersion of the light and cloudiness very distiifctly. 
The light in thfi case is deflected by the microscopic 
globules butter which are suspended in the millr 
In the ordiriary air of our rooms, this turbidity is 
very apparent -v^en the room is closed, and a ray of 
sunlight is admitted through a narrow aperture. We 
see then some of these solar particles, large enough to 
be distinguished by the naked eye,, while others form 
a fine homogeneous turbidity. But even the latter 
must consist mainly of suspended particles of organic 
substances, for, according to an observation of TyndaU, 
they can be burnt. If the flame of a spirit lamp is 
placed directly below the path of these rays, the air 
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«olid wall. But m the long waves of the mm, a bhtok 
of wood would be rocked about without the waves 
being thereby materially diMturf)(!tl in their jmtgrmn. 
Now light is well known to be an uiitiulatorj mofimi 
of the ether which fills all space. The red and yeliow 
rays have the longest waves, the blue and violet the 
shortest. Veiy fine particles, therefore, whieh tiisliirb 
the uniformity of the ether, will acTOrdingly ridlect 
the latter rays more nnirkedly than the red iiml yellow 
rays. The light of turbid media is bluer, the finer 
are the opaque particles; while th© larger pirt teles of 
uniform light reflect all colours, and thtwfortj give a 
whitish turbidity. Of this kind is the colt^tiid Who, 
that is, the colour of the turbid atoumphere as^^soen 
against dark co&ical space. Tit© puny ami the more 
transpardht the*air, the bluer is the sky. in like man- 
ner it is bluer ^d darker when w© ascend high moun- 
tains, partly because the air at great heigMs it 
from turbidity, and partly becaius® there la tmt air atevn 
us. But the same blue, which Is seen ^nat the «l«-k 
celestial space, duo occurs ogaJwit dark terr«trial 
objects ; for instanoe, when a thick kym- of ilhiminttt©d 
air is between us and massm of deeply sitailed or 
wooded hUls. The same aerial light makos the sky 
blue, as well as the numntains | excepUng thirt in th© 
former case it is pure, while in the kiiiw I 
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with the light from objects behind; and moreover 
it belongs to the coarser turbidity of the lower regions 
of the atmosphere, so that it is whiter. In hot coun- 
tries, and with dry air, the aerial turbidity is also finer 
in the lower regions of the air, and therefore the blue 
in front of distant terrestrial objects is more like 
that of the sky. The clearness and the pure colours 
of Italian landscapes depend mainly on this fact. On 
high mountains, particularly in the morning, the 
aerial turbidity is often so slight that the colours of 
the most distant objects can scarcely be distinguished 
from those of the nearest. The sky may then appear 
almost bluish-black. 

Conversely, the denser turbidity consists mainly of 
coarser particles, and is therefore whiti«h. As a rule, 
this is the case^ in the lower layers of %ir, and in states 
of weather in which the aqueous vapocir in the air is 
near its point of condensation. . 

^ On the other hand, the light wliich reaches the 


eye of the observer after having passed through a long 



layer of air, has been robbed of part of its violet and 
blue by scattered reflections ; it therefore appears yel- 
lowish to reddish-yellow or red, the former when the 
turbidity is fine, the latter when it is coarse. Thus 
the sun and the moon at their rising and setting, and 
also distant brightly illuminated mountain-tops, espe- 
cially snow-mountains, appear coloured. 
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s regions, which so often lead the Alpine elimher 
ier-estimate the distance and the magnitude of 

:>uiitain-tops before him, are also difficult to turn 

<» 

yxLnt in a picturesque manner. Views from the 
5, and from seas and plains in which the aerial 
s faintly hut markedly developed, are far better ; 
ly do they allow the various distances and mag- 
3 of what is seen to stand out, but they are on 
slier hand favourable to the artistic unity of 
lotion. 

sliough aerial colour is most distinct in the 
r depths of landscape, it is not entirely wanting 
it of the near objects of a room. What is seen 
isolated and well defined, when sunlight passes 
dark room through a hole in the shutter, is also 
lite wanting when the whole foom is lighted, 
also, the aerial lighting must stand oiSt against 
ackground, and must somewhat deaden the 
i in? comparison with those of nearer objects 5 and 
liflFerences, also, although far more delicate than 
!> the background of a landscape, are important 
liistorical, genre, or portrait pamter ; and when 
re carefully observed and imitated, they greatly 
mi the distinctness of has representation. 
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11. Shade. 


The circumstances which we have hitherto dis- 
cussed indicate a profound difference, and one which is 
exceedingly important for the percejrtion of wilid form, 
between the visual image which our eyes give, when we 
stand before objecte, and tliat which the picture give*. 
The choice of the objects to be roprmuitel in pictnrfii 
is thereby at once much restrict®!. Artiit* are well 
aware that there is much which cannot bo repromtitisl 
by the means at thek disposal. Part of their artistiw 
skill consists in the feet tliat by a sultalfle groaping , 
position, and turn the objects, by a.siatabh* chohii 
of the pSint at view, and by the mode of llghUng, 
they Iwura to overoome the unfevoomble eomlitioas 
which are imposed on them in this respect. * , 

It might at first sight appear that of the requisite 
truth to nature of a picture, so much would remain 
that, seen from the proper point of view, It would «t 
least produce the sune distribution of light, ©dour, 
and shadow in its field of view, and would prodaw in 
the interior of the eye eaactly the swne Image on the 
retina as the object i^jwewnted would do if we had It 
actually before us, and looked at It feom a definiiv, 
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1 . point of view. It might seem to be an object 
ietorial skill to aim at producing, under the given 
::^a.tions, the same effect as is produced hj the 
itself. 

■f we proceed to examine whether, and how far, 
bing can satisfy such a condition, we come upon 
unities before which we should perhaps shrink, if 
iid not know that they had been already over- 

^et us begin with the simplest case ; with the quan- 
ive relations between luminous intensities. If the 
fc is to irflitate exactly the impression which the 
3-fc produces on our eye, he ought to be able to 
>se of brightness and darkness equal to that whic£ 
offers. But of this there can be, no idea. Let 
give a case in point. Let thei^ be, in a pic- 
-gallery, a desert-scene, in which •a proeession of 
>xi.ins, shrouded in white, and qf dark negroes, 
sines binder the burning sunshinS; close to it a 
Ctx moonlight scene, where the moon is reflected in 
9vater, and groups of trees, and human forms, are 
to be faintly indicated in the darkness. Ton 
r from experience that both pictures, if they 
vsrell done, can produce with surprising vividness 
representation of their objects; and yet, in both 
tres, the brightest parts are produced with the 
^ white-lead, which is but slightly altered by ad- 
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mixtixres ; while the darkest parts are produced with 
the same black. Both, being Etng on the same wall, 
share the same light, and the brightest as well as the 
darkest parts of the two scarcJfely differ as concerns 
the degree of their brightness. 

How is it, however, with the actual degrees of 
brightness represented? The relation between the 
brightness of the sun’s light, and that of the moon, 
was measured by Wollaston, who compared their in- 
"tensities with that of the light of candles of the same 
material. He thus found that the luminosity of the 
sun is 800,000 times that of the brightest Kght of a 
full moon. 

An opaque body, which is lighted from any source 
whatever, can^ even in the most favourable case? only 
emit as much Irght as fells upon it. Yet, from Lam- 
bert’s observations, even the whitest bodies only reflect 
about two fifths^of the incident light. The sun’s rays, 
which proceed "parallel from the sun, whosq diameter 
is 85,000 miles, when they reach us, are distributed 
uniformly over a sphere 195 millions of miles in dia- 
meter. Its density and illuminating power is here 
only the one forty-thousandth of that with which it 
left the sun’s surface ; and Lambert’s number leads to 
the conclusion that even the brightest white surface 
on which the sun’s rays fall vertically, has only the 
one hundred-thousandth part of the brightness of the 
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sun’s disk. The moon however is a gray body, whose 
mean brightness is onJy'' about one fifth of that of the 
purest white. 

And when the moon irradiates a body of the purest 
white on the earth, its brightness is only the hundred- 
thousandth part of the brightness of the moon itself ; 
hence the sun’s disk is 80,000 million times brighter 
than a white which is irradiated by the full moon. 

Now pictures which hang in a room are not lighted 
by the direct light of the sun, but by that which is re- 
flected from the sky and clouds. I do not know of any 
direct measurements of the ordinary brightness of the 
light in a picture gallery, but estimates may be made 
from known data. With strong upper light and bright* 
light from the clouds, the brightest whita on a picture 
has probably l-20th of the brightness of white directly 
lighted by the sun ; it will generally be ©nly l--10th, or 
even less. 

• 

^ Hence ihe painter of the desert, even if he gives 
up the representation of the sun’s disk, which is always 
very imperfect, will have to represent the glaringly 
lighted garments of, his Bedouins with a white which, 
in the most favourable (mse, shows only the l-20th part 
of the brightness which corresponds to actual fiict. If 
he could bring it, with its lighting unchanged, into the 
desert near the white there, it would seem like a dark 
grey. I found in fact, by an experiment, that lamp- 
II* H 
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black, lighted by the sun, is not less thiin hiilf as 
bright, as shaded white in the brighter part of a 
room. 

On the picture of the moon, the same white whicli 
has been used for depicting the Bedouins’ garments 
must be used for representing the moon’s disk, and its 
reflection in the water ; although the real moon has 
only one fifth of this brightness, and its reflection in 
water still less. Hence white garments in moonlight, 
or marble surfaces, even when the artist gives them a 
grey shade, will always be ten to twenty times as bright 
in his picture as they are in reality. 

On the other hand, the darkest black which the 
artist could apply would be scarcely sufficient to repre- 
sent the real illumination of a white object on- which 
the moon shoiDe. For even the deadest black coatings 
of lamp-black, black velvet, when powerfully lighted 
appear grey, as we often enough know to our cost, when 
we wish to shut off superfluous light. I investigated 
a coating of lamp-black, fmd found its brightness to 
be about that of white pajwjr. ITie brightest 
colours of a painter are only about one hundred times 
as bright as his darkest shades. 

The statemente I have made may perhaps appear 
exaggerated. But they depend upon measurements, 
and you can control th«Da by well-known observations. 
According to Wollaston, the light of the full moon is 
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equal to that of a candle burning at a distance of 12 
feet. You know that we cannot read by the light of the 
full moon, though we can read at a distance of three or 
four feet from a candle. Now assume that you suddenly 
passed from a room in daylight to a vault perfectly 
dark, with the exception of the light of a single candle- 
You would at first think you were in absolute darkness, 
and at most you would only recognise the candle itself. 
In any case, you would not recognise the slightest trace* 
of any objects at a distance of 12 feet from the candle. 
These however are the objects whose illumination is 
the same as fhat which the moonlight gives. You 
would only become accustomed to the darkness aftei^ 
some time, and you would then find your way about 
withdht diflSculty. • 

If, now, you return to the dayligSt, which before 
was perfectly comfortable, it will appear So dazzling that 
you will perhaps have to close the eyes, and only be 
able to gaze round with, a painful glare. You see 
thus that we are concerned here not with minute, but 
with colossal, differences. How now is it possible that, 
under such circumstances, we can imagine there is any 
similarity between the picture and reality ? 

Onr discussion of what we did not see at first, but 
could afterwards see in the vault, points to the most 
important element in the solution; it is the varying 
extent to which our senses are deadened by light ; a 

it a 



produces on tilie deadened, and the moonUghfc, m 
other hand, crMd«i on ^e wntiwd i^e of it* ob«i 
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process to which we can attach the mme nmaej &ti 
as that for the eorrespoadiag mjb ia the aaioli# 

activity of our nervous system diminishes iti pow® 

# 

the time being. The musde is tirrf by work, 
brain is tired by thinking, and by mentnl opf'ratii 
the eye is febred by light, and the more so the i 
powerful the light. Fatigue makes it dall end 
sensitive to new impressions, so that it appreol 
^strong ones only moderately, and w<»k ones not at 
But now you see how different Is the aim of 
artist when these drcumstanoes are taken Into a<«c 
The eye of the traveller in the desert who i» loo 
at the caravan, hM been dulled to tl 

♦In®#’ nJP A 
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script of the object, but a translation of his impression 
into another scale of^ sensitiveness, which belongs to a 
different degree of impressibility of the observing eye, 
in which the organ speaks a very different dialect in 
responding to the impressions of the outer world. 

In order to understand to what conclusions this 
leads, I must first of all explain the law which Fechner 
discovered for the scale of sensitiveness of the eye, 
which is a. particular case of the more general psycho-^ 
'physical lam of the relations of the various sensuous 
impressions to the irritations which produce them. This 
law may be expressed as follows : ’WitUim, very wide 
limits of brightness, differences i/n the strength of light 
are equally distinct or appear equal m sensation, if 
they ^ form oM equal fraction of the total quomtity of 
light compared^ Thus, for instance, differences in in- 
tensity of one hundredth of the total* amoufit can be 
recognised without great trouble with, very different 
^strengths* of light, without exhibiting material dif- 
^ ferences in the certainty and facility of the estimate, 
whether the brightest dayhght or the light of a good 
candle be used. • 

The easiest method of producing accurately mea*- 
surable differences in the brightness of two white 
surfaces, depends on the use of rapidly rotating disks. 
If a disk, like the adjacent one in Fig. 3, is made to 
rotate very rapidly (that is, 20 to 30 times in a second). 


■F 
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it appears to tlie eye to be covered witb three grey 
rings as in Fig. 4. The reader must, however, figure 
to himself the grey of these rings, as it appears on 


the rotating disk of Fig. 3, as a scarcely perceptible 
shade of the ground. When the rotation is rapid 
each ring of the disk appears illuminated, as if all the 
light which fell upon it had been uniformly distributed 
over its Entire surface. Those rings, in which are the 
black bands, h^e somewhat less light than the quite 
white ones, and if the breadth of the marks is com-^ 
pared with the length of half the circumference of the 
corresponding ring, we get the fraction by which the 
intensity of the light in the white ground of the disk is 
diminished in the ring in question. If the bands are all 
equally broad, as in Fig. 3, the inner rings appear darker 
than the outer ones, for in this latter case the same 
loss of light is distributed over a larger area than in 
the former. In this way extremely delicate shades of 
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brightness may be obtained, and by this method, when 
the strength of the illumination varies, the brightness 
always diminishes by the same proportion of its total 
value. Now it is found, in accordance with Fechner's 
law, that the distinctness of the rings is nearly con- 
stant for very different strengths of light. We ex- 
clude, of course, the cases of too dazzling or of too dim 
a light. In both cases the finer distinctions can no 
longer be perceived by the eye. ' ^ 

The case is quite different when for different 
strengths of illumination we produce differences which 
always correspond to the same quantity of light. If, 

for instance, we close the shutter of a room at daytime, 

• 

so that it is quite dark, and now light it by a candle, 
we cdlh discriminate without difficulty the*shadows, such 
as that of the hand, thrown by the caSdle on a sheet 
of white paper. If, however, the shutters ^e again 
opened, so that daylight enters the room, for the same 
j)osition of the hand we can no longer recognise the sha- 
dow, although there falls on that part of the white sheet, 
which is not struck by this shadow, the same excess 
of candle-light as upon the parts shaded by the hand. 
But this small quantity of light disappears in compari- 
son with the newly added daylight, provided that this 
strikes all parts of the white sheet uniformly. You 
see then that, while the difference between candle-light 
and darkness can be easily perceived, the equally great 
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difference between daylight, on the one hanfi, m«iI dnj 
light plus candle-light on the otW, can be no longer 

reeogiaiged, 

# 

This law is of gresd; importance in diserimtiiaiing 
between various degrees of brightness of natural objects, 
A white body appears white bemuse it reflects a large 
fraction, and a grey body appears grey k-vjiusB it re- 
flects a small fraction, of incident light For difforent 
^intensities of illumination, the difference of brightness 
between the two will always correspond to the samnj frac- 
tion of their total brightness, and hence will be «}«a!ly 
perceptible to our eyes, provided we do not appioach too 
near to the upper or the lowar limit of the br%hfn«s, 
for which Fechner’s law no loader holds. Ileaco, on 
the whole, tihe|^nter can prodr^e what appenra an 
differmioe for tffe spectator of hta pMui», notwithsfcand- 
ingthe Vl-rying-btrength of %ht in tlie galleiy, provided 
he giv^ to his^eolottrs the same ttilio of bi1ghtMti#i as 
that which actually exists. * ^ 

For, in &ct, in looking at mdurd o^i»ts, the abso- 
lute brightness in which th^ appear to the ty@ vari**« 
within very wide limits, according to the Intonsity of 
the light, mid the sensitivenoM of the eye. That whfvh 
is constant is only the ratio of the brightness la which 
surfaces of varmus dejrtih of colour appear to tis when 
lighted to the same amount. But this ratio of bright- 
ness is for us the pereej^tao, fom which we form owr 
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brightness ; while, for a brightness which is too high 
or too low, appreciable divergences are met with. 

At both extremes of luminous intensity the eye is 
less sensitive for differences in light than is required by 
that law. With a very strong light it is dazzled ; that 
is, its internal activity cannot keep pace with the ex- 
ternal excitations ; the nerves are too soon tired. Very 
bright objects appear almost always to be equally 
^bright, even when there are, in fact, material differ- 
ences in their luminous intensity. The light at the 
edge of the sun is only about half as bright as that at 
the centre, yet none of you will have noticed that, if 
you have not looked through coloured glasses, which 
reduce the brightness to a convenient extent. With 
a weak light the eye is also less sensitive, but frofii the 
opposite reason? If a body is so feebly illuminated 
that we^'scarcety perceive it, we shall not be able to 
perceive that its brightness is lessened by a shadow 
by the one hundredth or even by a tenth. 

It follows from this, that, with moderate illumina- 
tion, darker objects become more like the darkest 
objects, while with greater illumination brighter ob- 
jects become more like the brightest than should be 
the case in accordance with Fechner’s law, which 
holds for mean degrees of illumination. From this 
results, what, for painting, is an extremely characteristic 





ON THE DELATION OF OPTICS TO PAINTING. 107 

difference between tbe^ impression of very powerful 
and very feeble illumination. 

When painters wish to represent glowing sunshine, 
they make all objects almost equally bright, and thus 
produce with their moderately bright colours the im- 
pression which the sun’s glow makes upon the dazzled 
eye of the observer. If, on the contrary, they wish 
to represent moonshine, they only indicate the very 
brightest objects, particularly the reflection of moon-p« 
light on shining surfaces, and keep everything so dark 
as to be almost unrecognisable; that is to say, they 
make all dar]£ objects more like the deepest dark 
which they can produce with their colours, than should 
be the case in accordance with the true ratio of the 
luminosities. In both cases they expfess, by their 
gradation of the lights, the maensitiveneas of the eye 
for differences of too bright or too feeble lights. If 
they could employ the colour of the dazzling bright- 
ness of full sunshine, or of the actual dimness of 
moonlight, they would not need to represent the 
gradation of light in their picture other than it is in 
nature; the picture would then make the same im- 
pression on the eye as is produced by equal degrees of 
brightness of actual objects. The alteration in the 
scale of shade which has been described is necessary 
because the colours of the picture are seen in the 
mean brightness of a moderately lighted room, for 
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which. Fechners law holds; and therewith objects ate 
to be represented whose brightness is beyond the 
limits of this law. 

We find that the older masters, and pre-eminently 
Eembrandt, employ the same deviation, which corre- 
sponds to that actually seen in moonlight landscapes ; 
and this in cases in which it is by no means wished to 
produce the impression of moonshine, or of a similar 
p feeble light. The brightest parts of the objects are 
given in these pictures in bright, luminous yellowish 
colours ; but the shades towards the black are made 
very marked, so that the darker objects are almost lost 
in an impermeable darkness. But this darkness is 
covered with the yellowish haze of powerfully lighted 
aerial masses,''so that, notwithstanding their darkness, 
these pictures giver the impression of ^unlight, and the 
Very marked gfadation of the shadows, the contours of 
the faces and figures, are made extremely prominent. 
The deviation from strict truth to nature Is very re^ 
markable in this shading, and yet these pictures give 
particularly bright and vivid aspects of the objects* 
Hence they are of particular interest for understand- 
ing the principles of pictorial illumination. 

In order to explain these actions we must, I think, 
consider that while Fechner^s law is approxiroately cor- 
rect for those mean lights which are agreeable to the eye, 
the deviations which are so marked, for too hiffh or too 
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low lights, are not without some influence in the region 
of the middle lights. *\fe have to observe more closely 
in order to perceive this influence. It is found, in fact, 
that when the very finest differences of shade are pro- 
duced on a rotating disk, they are only visible by a 
light which about corresponds to the illumination of a 
white paper on a bright day, which is lighted by the 
light of the sky, but is not directly struck by the 
sun. “With such a light, shades Of or Yew of 
the total intensity can be recognised. The light in 
which pictures are looked at is, on the contrary, much 
feebler ; and if we are to retain the same distinctness 
of the finest shadows and of the modelling of the 
contours which it produces, the gradations of shade 
in th8 picture must be somewhat stronger than cor- 
responds to the exact luminous iifbensities. The 
darkest objects of the picture thereby becfime un- 
naturally dark, which is however not# detrimental to 
the object-ef the artist if the attention of the observer 
is to be directed to the brighter parts. The great 
artistic effectiveness of this manner shows us that the 
chief emphasis is to be laid on imitating difference of 
brightness and noton absolute brightness j and that the 
greatest differences in this latter respect can he home 
without perceptible incongruity, if only their grada- 
tions are imitated with expression. 
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III. Colour. 

With these divergences in brightness are connected 
certain divergences in colour, which, physiologically, 
are caused by the fact that the scale of sensitiveness 
^ is different for different colours. The strength of the 
sensation produced by light of a particular colour, and 
for a given intensity of light, depends altogether on 
the special reaction of that complex df nerves which 
are set in operation by the action of the light in 
question. Now all our sensations of colour are ad- 
mixtures of three simple sensations ; namely, df red, 
green, and viol§t,> which, by a not improbable suppo- 
sition oi Thomas Young, can be apprehended quite 
independently qf each other by three different systems 
of nerve-fibres*. To this independence of the different 
sensations of colour corresponds their independence iii 
the gradation of intensity. Recent measurements* 
have shown that the sensitiveness of our eye for feeble 
shadows is greatest in the hbift n-nd laacf ■!». +1... 


OIT THE EELATIOH OF OPTICS TO PAlNTINa. Ill' 

of in the red ; or when the colour is dimmed 
by being looked at for a long time, a difference of 

sV f 0 tV’ 

Eed therefore aets'as a colour towards whose shades 
the eye is relatively less sensitive than towards that of 
blue. In agreement with this, the impression of glare, 
as the intensity increases, is feebler in red than in 
blue. According to an observation of Dove, if a blue 
and a red paper be chosen which appear of equal 
brightness under a mean degree of white light, as the 
hght is made much dimmer the blue appears brighter, 
and as the light is much strengthened, the red. I 
myself have found that the same differences are seen, 
and even in a more striking manner, in the red and 
violei^ spectral colours, and, when thejr intensity is 
increased only moderately, by the satne fraction for 
both. ’ . • 

Now the impression of white is made up of the 
impressioiis which the individual spectral colours make 
on our eye. If we increase the brightness of white, 
the strength of the sensation for the red and yellow 
rays will relatively.be more increased than that for 
the blue and violet. In bright white, therefore, the 
former will produce a relatively stronger impression 
than the latter; in dull white the blue and bluish 
colours will have this effect. Very bright white appears 
therefore yellowish, and duU white appears bluish. In 
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our ordinary way of looking at the objects about iif, 
vre are not so readily conscious' of thisj for the dlr*«'t 
comparison of colours of very dlfiewmt shade ii diffi- 
cult, and we are accustomed to see in this aliendion ni 
the white the result of different illumiaatioa of one and 
the same white object, so that in judging pigment - 
colours we have learnt to eliminate the influence of 
brightness. 

If however to the painter is put tlie prohtem of imi- 
tating, with faint colours, white irra«Iiat«!ii hy the sun, 
he can attain a high degree of resemblance ; for by an 
admixture of yellow in his white he makes this colour 
preponderate just as it would prapondemta In actual 
bright light, owing to the imiwresslon on the nerves. 
It is the same, iminession as that produced if wt look 
at a clouded hhidscape through a yellow glass, and 
thereby give it* the appeainnce of a sunny light. Ih# 
artist will, on the omttiaxy, give a bluish lint to moon- 
light, that is, a fidnt white j for the colouw m the 
picture must, as w© have »ee«, be fiir brighter than 
the colour to be representdi. In moonshine scarcriy 
any other colour be reo^iiwi than bhief the 
blue 8|arry sky or blue cohmre may atlll apfimr 
distinctly coloured, while yellow and rial em only he 
seen as obscuatlons ^ the general hluJsh whit© or 
grey. 

1 win again r^sd fim that these Annum of 
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colour would not be necessary if the artist had at his 
disposal colours of the same brightness, or the same 
faintness, as are actually shown by the bodies irradiated 
by the sxm or by the moon. 

The change of colour, like the scale of shade, pre- 
viously discussed, is a subjective action which the 
artist must represent objectively on his canvas, since 
moderately bright colours caimot produce them. 

We observe something quite similar in regard to. 
the phenomena of Contrast. By this term we under- 
stand cases in which the colour or brightness of a 
surface appears* changed by the proximity of a mass of 
another colour or shade, and, in such a manner, that 
the original colour appears darker by the proximity olf 
a brighter shade, and brighter by tha* of a darker 
shade ; while by a colour of a dififereift kind it tends 
towards the complementary tint. • • 

The phenomena of contrast are vsry various, and 
depend on 4ifferent causes. One class, ChevreuVs simul- 
taneous Contrast, is independent of the motions of the 
eyes, and occurs with surfaces where there are very 
slight differences in colour and shade. This contrast 
appears both on the picture and in actual objects, and 
is wen known to painters. Their mixtures of colours 
on the palette often appear quite different to what 
they are on the pictmre. The changes of colour which 
are here met with are often very striking j I will not, 

' 'I, ' , 
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however, enter upon them, for they produce no diver- 
gence between the picture and ref^ility. 

The second class of phenomena of contrast, and one 
which, for us, is more important, is met with in 
changes of direction of the glance, and more especially 
between surfaces in which there are great differences 
of shade and of colour. As the eye glides over bright 
and dark, or coloured objects and surfaces, the impres-. 
afion of each colour changes, for it is depicted on por- 
tions of the retina which directly before were struck 
by other colours and lights, and were therefore changed 
in their sensitiveness to an impression.* This kind of 
contrast is therefore essentially dependent on move- 
ments of the eye, and has been called by Chevreul, 
^suocmsive CcmirasV • 

We have already seen that the retina is more sen- 
sitive in ^he dark to feehle light than it was before. 

By strong Iight,^ on the contrary, it is dulled, and is 
less sensiiiva to feeble lights which it had before per- 
ceived* This latter process is designated as ‘ Fatigue’* 
of the retina ; an exhanstion of the capability of the 
retina by its own activity, just as the muscles by their I 

activity become tired. _ .j 

I must hare remark that the fatigue of the 
retina by light does not necessarily extend to the 
whole surface ; but when only a small port&n of this i 

membrane is struck by a minute, defined picture it 
mu also be lomlly developed fat this ,part only. Jj 
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You must all have .obaerved the dark spoti which 
move about in the field of vision, when we have Iwcu 
looking for only a shojt time towards the setting snti, 
and which physiologists c^l n^aiive af 

the sun. They are duo to the fa^st that only those part* 


wiMi nm iigiw* Wm 

have then in juateposition, in the bright prts of 
the sky, the impression which these upon th# 

aatir«i pirts of the retina, and in the ch^k spots 
their action on the tired poitbas. Ohjeots, bright 
like the sun, produce negative after-images in the 
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object must be stationary durijjig the time of exposure 
in order that its image may not be displaced on the 
sensitive plate. The after-image in the eye is, as it 
•were, a photograph on the retina, which becomes 
visible owing to the altered sensitiveness towards 
fresh light, but only remains stationary for a short 
time ; it is longer, the more powerful and durable was 
the action of light. 

If the object viewed was coloured, for instance 
red paper, the after-image is of the complementary 
colour on a grey ground ; in this case of a bluish green.’ 
Eose-red paper, on the contrary, gives a pure green 
^ifter-image, green a rose-red, blue a yellow, and 
yellow a blue. These phenomena show that in the 
retina partial fatigue is possible for the several 
colours. According to Thomas Young’s hypothesis of 
the existence of three systems of fibres in the visual 
nerves,^ of whi^ one set perceives red whatever the kind 
of irritation, the second green, and the third violei^ 
with green light, only those fibres of the retina which 

are sensitive to green are powerfully excited and tired. 

« 

* In order to see this kind of image as distinctly as possible, it 
is desirable to avoid all movements of the eye. On a large sheet of 
dark grey paper a small black cross is drawn, the centre of which is 
steadily viewed, and a quadrangular sheet of paper of that colour 
whose after-image is to he observed is slid from the side, so that one 
of its comers touches the cross. The sheet is allowed to remain for 
a minute or two, the cross being steadily viewed, and it is then 
drawn suddenly away, without relaxing the view, ha place of the 
sheet removed the after-image appears then on the dark ground. 

* See Helmholtz’s Popular Lecttirei^ first series, p. 260. 
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I If this same part of the retina, is after-wards illuminated 

( with white light, the* sensation of green is enfeebled, 

i while that of red and violet is vivid and predominant ; 

i • 1 1 • 1 

their siiia gires the sensation of purple, wnicn mixed 

with the nnckanged white ground forms rose-red. 

In the ord-inaryway of looking at light and coloured 
* objects, we are not accustomed to fix continuously one 
and the same pointy for following with the gaze the, 
play of onr attentiveness, we are always turning it to^ 
new parts of the object as they happen to interest us. 
This way of looking, in which the eye is continually 
moving, and tlierefore the retinal image is also shift- 
ing about on the retina, has moreover the advantage 
of avoiding disturbances of sight, which powerful anl 
oontiftuous after-images would bring wiiJi them. Yet 

here also, after-images are not wanting; only they are 

«♦ 

shadowy in their contours, and of very short dfiiation. 

If a red surface he laid upon a grey ground, and if 
we look from the red over the edge towards the grey, 
the edges of the grey will seem as if struck by such an 
after-image of red, and will seem to be of a faint 
bluish green. But as the after-image rapidly disappears, 
it is mostly only those parts of the grey, which are nearest 
the red, which show the change in a marked degree. 

This also is a phenomenon which is produced more 
strongly by bright light and brilliant saturated colours 
than by fainter light and duller colours. The artist, ’ 
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however, works for the most part with the latter. He 
produces most of his tints by tnixture; each mixed 
pigment is, however, greyer and duller than the pure 
colour of which it is mixed, and even the few pig- 
ments of a highly saturated shade, which oil-painting 
can employ, are comparatively dark. The pigments 
employed in water-colours and coloured chalks are 
again comparatively white. Hence such bright con- 
trasts, as are observed in strongly coloured and strongly 
lighted objects in nature, cannot be expected from 
their representation in the picture. If, therefore, 
with the pigments at his command, the artist wishes 
to reproduce the impression which objects give, as 
^rikingly as possible, he must paint the contrasts 
which they p:i;oduce. If the colours on the picture 
are as brilliant and luminous as in the actual objects, 
the contiii-sts in, the former case would* produce them- 
selves as spontmeously as in the latter. Here, also, 
subjective phenomena of the eye must be objectively 
introduced into the picture, because the scale of colour*^ 
and of brightness is different upon the latter. 

With a little attention you wiy. see that painters 
and draughtsmen generally make a plain uniformly 
lighted surface brighter, where it is close to a dark 
object, and darker, where it is near a light object. 
You will find that imiform grey surfaces are given 
a yellowish tint at the edge where there is a back-. 
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^ound of blue, and a rose-red tint where they im- 
pinge on green, p/ovided that none of the light 
collected from the blue or green can fall upon the 
grey. Where the sun’s rays passing through the green 
leafy shade of trees strike against the ground, they 
appear to the eye, tired with looking at the predomi- 
nant green, of a rose-red tint; the whole daylight, 
entering through a slit, appears blue, compared with 
reddish yellow candle-light. In this way they are re- 
presented by the painter, since the colours of his pic- 
tures are not bright enough to produce the contrast 
without such help. 

To the series of subjective phenomena, which 
artists are compelled to represent objectively in thmr 
pictflres, must be associated certain* phenomena of 
irradiation. By this is understoodf cases in which 
any brignt object in the field spreads i1* light or 
colonr over the neighbourhood. Th§ phenomena are 
the more marked the brighter is the radiating object, 
and the halo is brightest in the immediate neighboui- 
hood of the bright object, but diminishes at a greater 
distance. These phenomena of irradiation are most 
striking around a very bright light on a dark ground. 
If the view of the flame itself is closed by a narrow 
dark object such as the iSinger, a bright misty halo dis- 
appears, which covers the whole neighbourhood, and, at 
the same time, any objects there may be in the dark 



120 ON THE RELATION OP OPTICS TO PAINTING-. 


part of tlie field of view are seen more distinctly. If 
the flame is partly screened by*a ruler, this appears 
jagged where the flame projects beyond it. The lu- 
minosity in the neighbourhood of the flame is so in- 
tense, that its brightness can scarcely be distinguished 
from that of the flame itself; as is the case with all 
bright objects, the flame appears magnified, and as if 
spreading over towards the adjacent dark objects. 

• The cause of this phenomenon is quite similar to 
that of aerial perspective. It is due to a diffusion of 
light which arises from the passage of light through 
dull media, excepting that for the phenomena of aerial 
perspective the turbidity is to be sought in the air in 
front of the eye, while for true phenomena of irradiation 
it is to be sought in the transparent media of the eye. 
When even the Wealthiest human eye is examined by 
powerfulTight, ’the best being a pencil of sunlight 
concentrated on •the side by a condensing lens, it is 
seen that the sclerotica and crystalline lens ara not per-^ 
fectly clear. If strongly illuminated, they both appear 
whitish and as if rendered turbid by a fine mist. Both 
are, in fact, tissues of fibrous structure, and are not 
therefore so homogeneous as a pure liquid or a pure crys- 
tal. Every inequality, however small, in the structure 
of a transparent body can, however, reflect some of the 
incident light — that is, can diffuse it in aU directions.' 

» I disregard here the view that irradiation in the eye depends on 
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The phenomena of irradiation also occur with 
moderate degrees oT brightness. A dark aperture 
in a sheet of paper illuminated by the sun, or a small 
dark object on a coloured glass plate which is held 
against the clear sky, appear as if the colour of the 
adjacent surface were diffused over them. 

Hence the phenomena of irradiation are very similar 
to those which produce the opacity of the air. The 
only essential difference lies in this, that the opacity^ 
by luminous air is stronger before distant objects which 
have a greater mass of air in front of them^an before 
near ones ; while irradiation in the eye sheds its halo 
imiformly over near and over distant objects. 

Irradiation also belongs to the subjective pheno- 
menS of the eye which the artist represents objectively, 
because painted lights and painted “Sunlight are not 
bright enough to produce a distinct irradiaMon in the 
eye of the observer. 

^ The representation which the painter has to give 

of the lights and colours of his object I have described 

as a translation, and I have urged that, as a general 

rule, it cannot give a copy true in all its details. The 

altered scale of brightness which the artist rmust 

apply in many cases is opposed to this. It is not the 

colours of the objects, but the impression which they 

9 , diffusion of tlie excitation in the substance of the nerves, as this 
appears to me too hypothetical. Moreover, we are here concerned 
srith the phenomena and not with their cause. 
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have given, or would give, which is to be imitated, so 
as to produce as distinct and -nvld a conception as pos- 
sible of those objects. As the painter must change 
the scale of light and colour in which he executes his 
picture, he only alters something which is subject to 
manifold change according to the lighting, and the 
degree of fatigue of the eye. He retains the more 
essential, that is, the gradatioTis of brightness and tint. 
Here present themselves a series of phenomena which 
are occasioned by the manner in which the eye replies 
to an external irritation ; and since they depend upon 
the intensity of this irritation they not directly 
produced by the varied luminous intensity and colours 
(Jf the picture. These objective phenomena, which 
occur on looMug at the object, would be wanting !f the 
painter did not Jfepresent them objectively on his can- 
vas. Th« fact •that they are represented is particu- 
larly significant for the kind of problem which is to be 
solved by a picborial representation. 

Now, in all translations, the individuality of the 
translator plays a part. In artistic productions many 
important points are left to the choice of the artist, 
which he can decide according to his individual taste, 
or according to the requirements of his subject. 
Within certain limits he can freely select the absolute 
brightness of his colours, as well as the strength of the 
shadows. Like Eembrandt, he may exaggerate them 
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in order to obtain strong relief ; or he may diminish 
them, with Fra Angdico and his modem imitators, in 
order to soften earthly shadows in the representation 
of sacred objects. Inke the Dutch school, he may 
represent the varying light of the atmosphere, now 
bright and sunny, and now pale, or warm and cold, 
and thereby evoke in the observer moods which 
depend on the illumination and on the state of the 
weather; or by means of undisturbed air he may^ 
cause his figures to stand out objectively clear as it 
were, and uninfluenced by subjective impressions. By 
this means, great variety is attained in what artists call 
‘style ’or ‘treatment,’ and indeed in their purely pic- 
torial elements. 
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IV. Harmony op Colour. 


We here naturally raise the question ; If, owing to the 
small quantity of light and saturatioi\ of his colours, 
the artist seeks, in all kinds of indirect ways, by imi- 
tating subjective impressions to attain resemblance to 
nature, as close as possible, but still imperfect, would 
it not be more convenient to seek for means of obvi- 
ating these evils ? Such there are indeed. Frescoes 
are sometimes viewed in direct sunlight; transparen- 
cies and paintings on glass can utilise far higher 
degrees of brightness, and far more saturated colours ; 
in dioramas arfft in theatrical decorations we may 
employ powerful artificial light, and, if need be, the 
electric light. 3ut when I enumerate these branches 
of art, it will at once strike you that those works^ 
which we admire as the greatest masterpieces of 
painting, do not belong to this class ; but by far the 
larger number of the great works of art are executed 
with the comparatively dull water or oil-colours, or at 
any rate for rooms with softened light. If higher 
artistic effects could be attained with colours 
lighted by the sun, we should undoubtedly have pic- 
tures which took advantage of this. Fresco painting 
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would have led to this ; or the experiments of Munich’s 
celebrated optician Steinheil, which he made as a 
matter of science, that is, to produce oil paintings 
which should be looked at in bright sunshine, would 
not be isolated. 

Experiment seems therefore to teach, that modera- 
tion of light and of colours in pictures is ever advan- 
tageous, and we need only look at frescoes in direct 
sunlight, such as those of the new Pinakothek in^ 
Miinich, to learn in what this advantage consists. 
Their brightness is so great that we cannot look at 
them steadily for any length of time. And what in 
this case is so painful and so tiring to the eye, would 
also operate in a smaller degree if, in a picture, bril- 
lianiT colours were used, even locally and to a moderate 
extent, which were intended to represent bright sun- 
light, and a mass of light shed o^er th§ picture. 
It is much easier to produce an accurate imitation 
^ of the feeble light of moonshine with artificial light 
in dioramas and theatre decorations. 

We may therefore designate truth to Nature of a 
beautiful picture ^s an ennobled fidelity to Nature* 
Such a picture reproduces all that is essential in the 
impression, and attains full vividness of conception, 
but without injury or tiring the eye by the nude lights 
of reality. The differences between Art and Nature 
are chiefly confined, as we have already seen, to those 
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We have not far to seek for the delight in light 
and in colours, and ft)r*the dread of darkness; this 
coincides with the endeavour to see and to recognise 
surrounding objects. Darkness owes the greater part 
of the terror which it inspires to the fright of what 
is unknown and cannot be recognised. A coloured 
picture gives a^far more accurate, richer, and easier 
conception than a similarly executed drawing, which 
only retains the contrasts of light and shade. A 
picture retains the latter, but has in addition the 
material for discrimination which colours afford; by 
which surfaces* which appear equally bright in the 
drawing, owing to their different colour, are now 
assigned to various objects, or again as alike in colour 
are s^en to he parts of the same, or of similar objects. 
In utilising the relations thus natxjrally given, the 
artist, by means of prominent colours, ^can direct and 
enchain the attention of the observer^ upon the chief 
objects of the picture; and by the variety of the 
garments he can discriminate the figures from each 
other, hut complete each individual one in itself., 
Even the natural pleasure in pure, strongly saturated 
colours, finds its justification in this direction. The 
case is analogous to that in music, with the full, pure, 
well-sounding tones of a beautiful voice. Such a one 
is more expressive ; that is, even the smallest change 
of its pitch, or its quality — ^any slight interruption. 
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folds, on tlie contrary, the coloured surface reflects 
against itself, and th^el)y makes its own colour more 
saturated. A white surface, on the contrary, of great 
brightness, produces a dazzling effect, and is thereby 
insensitive to slight degrees of shade. Strong colours 
thus, by the powerful irritation which they produce, 
can enchain the^ eye of the observer, and yet be ex- 
pressive for the slightest change of modelling or of 
illumination ; that is, they are expressive in the a 
artistic sense. 

If, on the other hand, we coat too large surfaces, 
they produce fatigue for the prominent colour, and a 
diminution in sensitiveness towards it. This colour 
then becomes more grey, and on all surfaces of a"" 
different colour the complementary tint appears, espe- 
cially on grey or black surfaces. Hgnce therefore 
clothes, and more particularly curtains,* whicfi are of 
too bright a single colour, produce an« unsatisfactory 
and fatiguing effect; the clothes have moreover the 
disadvantage for the wearer that they cover face and 
hands with the complementary colour* Blue produce^ 
yellow, violet gives .greenish yellow, bright purple 
gives green, scarlet gives blue, and, conversely, yellow 
gives blue, etc. There is another circumstance which 
the artist has to consider, that colour is for him an 
important means of attracting the attention of the 
observer* To be able to do this he must be sparing in 

K 
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the use of the pure colours, otherwise they distract 
the atteution, and the pictuje*' becomes glaring. It 
is necessary, on the other hand, to avoid a onesided 
fatigue of the eye by too prominent a colour. This is 
effected either by introducing the prominent colour 
to a moderate extent upon a dull, slightly coloured 
ground, or by the juxtaposition of v^iously saturated 
colours, which produce a certain equilibrium of irrita- 
tion in the eye, and, by the contrast in their after- 
images, strengthen and increase each other. A green 
surface on which the green after-image of a purple one 
falls, appears to be a far purer grefen than without 
such an after-image. By fatigue towards purple, th^it 
*^is towards red and violet, any admixture of these two 
colours in th^ green is enfeebled, while this itself pro- 
duces its fuIL«*'effect. In this way the sensation of 
green m purified j&om any foreign admixture. Even 
the purest aiyi most saturated green, which Nature 
shows in the prismatic spectrum, may thus acquire a 
higher degree of saturation. We find thus that t£e 
other pairs of complementary colours, which we have 
mentioned, make each other more brilliant by their 
contrast, while colours which are very similar are 
detrimental to each other, and acquire a grey tint. 

These relations of the colours to each other have 
manifestly a great influence on the degree of pleasure 
which different combinations of colours afford. Two 
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colours may, without injury, be juxtaposed, which 
indeed are so similar ‘as* to look like varieties of the 
same colour, produced by varying degrees of light and 
shade. Thus, upon scarlet the more shaded parts ap- 
pear of a carmine, or on a straw-colour they appear 
of a golden yellow. 

If we pass iD^eyond these limits, we arrive at un- 
pleasant combinations, such as carmine and orange, or 
orange and straw-yellow. The distance of the colours 
must then be increased, so as to create pleasing com- 
binations once more. The complementary colours are 
those which are Inost distant from each other. When 
these axe combined, such, for instance, as straw-colour 
and ultramarine, or verdigris and purple, they have* 
something insipid but crude ; perhaps because we are 
prepared to expect the second colour i)& appear as an 
after-image of tEe first, and it does not sufficiently 
appear to be a new and independent ejement in the 
compound. Hence, on the whole, combinations of 
tSose pairs are most pleasing in which the second 
colour of the complementary tint is near the first,, 
though with a distinct difference. Thus, scarlet and 
greenish blue are complementary. The combination 
produced when the greenish blue is allowed to glide 
either into ultramarine, or yellowish green (sap green), 
is still more pleasing. In the latter case, the com- 
bination tends towards yellow, and in the former, 
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towards rose-red. Still more mtisfectory combinations 
are those of three tints which Ifring about «*ij»ilibrinns 
in the impression of colour, and, notwitbhtandiiig flji« 
great body of colour, avoid a onosid«i fatigun of tbo 
eye, without falling into the l»aldn«Ms of wuajdimn'ii- 
tary tints. To this belongs the eombiaatioa which 
the Venetian masters used ao rauch-yrtsd, green, and 
violet; as well as Paul Vonmese’s purple, gremwh 
• blue, and yellow. The former triad ciirro«jK»tids ap- 
proximately to the three fuiKlameatal colouw, In to 
far as these can be prcxluced by pigments; the latter 
gives the mixtures of eat?h pair of funnamcatiil eobiiri. 
It is however to be observed, that it Ims not yet been 
possible to establish rules for the kirmony of (wloui^ 
with the saine precision and certainty m for t!?s con- 
sonance of tonSs. On the contrary, a considnmyoa of 
the fact* shows that a number of smjMoty influences 
come into pl^,* when once the coloureii snrftic® {• 
also to produce, either wliolly or in part, a reprewwata- 
tion of natural objects or of solid form*, or even if It 
only offers a resembknee with tlie reprwentetion of 
a relief, of shaded and of n<m-«had«d SMrface*. It 
is moreover often diffleulfc to establish, as a nMtw tif 
fact, what are the <»lonra which prodac# the harmonfo 
impression. This is pre-eminently the «»se with 

_ * Goaf. B. BrQcis, Sh dm* Mttiim fSr dtf J6W'i>«»4i; 

Set Xum^mm- 60 . Ulpsig, !m W, f. l%«o}4 Itk M.wMrt 
«* MmUek mf JTwmiS md A'mttfMimdki. Unwtmchweig', is;4. 
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pictures in wticli the ^rial colour, the coloured re- 
flection and shade, so variously alter the tint of each 
single coloured surfacefwhenL it is not perfectly smooth, 
that it is hardly possible to give an indisputable de- 
termination of its tint. In such cases, moreover, the 
direct action of the colour upon the eye is only a 
subordinate m^ns; for, on the other hand, the 
prominent colours and lights must also serve for 
directing the attention to the more important points 
of the representation. Compared with these more 
poetical and psychological elements of the representa- 
tion, considerations as to the pleasing effect of the 
colours are thrown into the background. Only in the 
pure ornamentation on carpets, draperies, ribbons, or 
architectonic surfaces is there free S(fope for pure 
pleasure in the cplours, and only there* can it develop 
itself according to its own laws, * ^ 

In pictures,* too, there is not, as \ general rule, 
perfect equilibrium between the various colours, but 
oue of them preponderates to an extent which corre- 
sponds to the dominant light. This is occasioned, in 
the first case, by the truthful imitation of physical 
circumstances. If the illumination is rich in yellow 
light, yellow colours will appear brighter and more 
brilliant than blue ones ; for yellow bodies are those 
which preferably reflect yellow light; while that of 
blue is only feebly reflected, and is mainly absorbed. 
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Before the shaded parts of .Hue bodies, the yellow 
aerial ligKt produces its effect, and imparts to tte 
blue more or less of a grey tfnt. The same thing 
happens in front of red and green, though to a less 
extent, so that, in their shadows, these colonrs merge 
into yellow. This also is closely in accordance with 
the aesthetic requirements of artistic ^nity of compo- 
sition in colour. This is caused by the fact that the 
• divergent colonrs show a relation to tlie predominant 
colour, and point to it most distinctly in their shades. 
Where this is wanting, the various colours are hard 
and crude ; and, since each one calls attention to itself, 
they make a motley and disturhing impression ; and, 
on the other hand, a cold one, for the appearance 
of a flood ol flight thrown over the objects ig 
wanting. 

We Jiave a natural type of the harmony which a 
well-executed iHuminatiou of masses of air can produce 
in a picture, in tie light of the setting sun, which 
throws OTer the poorest regions a flood of light and 
colour, and harmoniously hrightens them- The 
natural reason for this increase of aerial illuiaination 
lies m the fact, that the lower and more opaque 
layers of air are in the direction of the sun, and 
therefore reflect more powerfully; while at the same 
time the yellowish red colour of the light which 
has passed through the atmosphere becomes more dig- 
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( tiact as tte length of path increases which it has ta 

I 

j traverse, and that ffirther, this coloration is more 

pronounced as the h^kground fails into shadow. 

^ In summing up once more these considerations, we 

I have first seen what limitations are imposed on truth 

j to Nature in artistic representation ; how the painter 

: links the principal means which nature furnishes of 

i recognising depths in the field of view, namely hinocu- - 

I lar vision, which indeed is even turned against him, 

I as it shows unmistakably the flatness of the picture ; 

how therefore the painter must carefully select, partly 
the perspective arrangement of his subject, its posi- 
tion and its aspect, and partly the lighting and 
shadiftg, in order to give us a directly intelligible 
image of its magpiitude, its shape, afld distance, and 
how a truthful representation of aerial*light«is one of 
the most important means of attaining, the object. 

We then saw that even the scale of luminous 
intensity, as met with in the objects, must be trans- 
formed in the picture to one differing sometimes by a 
hundredfold; how here, the colour of the object 
cannot be simply represented by the pigment; that 
indeed it is necessary to introduce important changes 
in the distribution of light and dark, of yellowish and 
of bluish tints. 

The artist cannot transcribe Nature; he must 
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translate heri jet thiM tniBglatioii iriiij i 
im^pression in the highest d^el diitiact and foi 
not merely of the obji^ts themplves, hut imm c 
greatly altered mteniitias of light under wliic 
view" them# The altered sciil© is isdeiEl In ciafiy 
admntageous^ as it gets rid of efory tiling whic 
the actual objects, is k)o da^zlmg^ aisl kMi fiiti| 
for the eye# Thus the iiiiitatioii of .Natiif® la 
« picture is at the mine time au eanoliliag of tin 
pressiou on the seusoi# In this tmpmt wii mM i 
gire ourselves up more mliiily and ccMtinuoiiilj, h 
considemtkm of a work of art, than to that of a 
object# The work of art can proiliice thot# gimifti 
of light, and those tink in which the aodtlliiig «il 
forms is most^diiitinot and therefore m^t ©xprls 
It can bring forlbrf a fuln^i of vivid forwnt toll 
and by sfeilful ^ontmit etn rotoln the stniitifeiKa 
the eye in advaati^ui equilibrium# Ife mu f^rh 
apply tihe enfchre emmgy of pwerful swsiiaii imj 
sions, and the fading of delight a«»wkted thmm 
to direct and enehdn th# attention } it can t 
variety to heighten tlie direct iinclerstonrlliig nf i 
is represented, and y«t kmp the eye in g coisdltio 
excitation kvoumbl# «id ^emble tm iidi 
sensuous hnprawioni# 

If, in thm ^«Idet^lon», my having wntinti 

laM muoli weight m the Ughtett, inuit, fttiti a 
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accurate sensuous intelligibility of artistic representa- 
tion, may seem to i&any of you as a very subordinate 
point — a point whic^, if mentioned at all by writers on 
aesthetics, is treated as quite accessory — I think this 
is unjustly so. The sensuous distinctness is by no 
means a low or subordinate element in the action of 
works of art ;#its importance has forced itself the more 

strongly upon me the more I have sought to discover 

« 

the physiological elements in their action. 

What effect is to be produced by a work of art, 
using this word in its highest sense ? It should 
excite and en^ain our attention, arouse in us, in easy 
play, a ho^t of slumbering conceptions and their cor- 
responding feeHngs, and direct them towards a common 
object, so as to give a vivid perception of all the fea- 
tures of an ideal type, whose separate fragments lie 
scattered in our imagination and o^fergrolhi by the 
wild chaos of accident. It seems as^if we can only 
refer the frequent preponderance, in the mind, of art 
over reality, to the fact that the latter mixes some- 
thing foreign, disturbing, and even injurious ; while art 
can collect all the elements for the desired impression, 
and allow them to act without restraint. The power of 
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tainly, rapidly, uaeqaivocably, and ndtli accuracy if it 
is to produce a vivid and powerful impression. These 
essentially are the points -which Ijjhave sought to com- 
prehend under the name of intelligibility of the -work 
of art. 

Then the peculiarities of the painters’ technique 
(recAmh), to -which physiological optical investigation 
have led us, are often closely connected with the highest 
4)roblems of art. We may perhaps think that even the 
last secret of artistic beauty — that is, the wondrous 
pleasure which we feel in its presence — is essentially 
based on the feeling of an easy, harmonic, vivid stream 
of our conceptions, which, in spite of manifold changes, 
flow towards a common object, bring to light laws 
hitherto conceakd, and allow us to gaze in the deepest 
depths of sensatiofi of our own minds. 

n ^ 





13 » 

* 

# 

m 


05ir THE OEIGIN 

OF THE 

PLANE TABY SYSTEM. 

Ledwre differed i/n, JTeiddberg cmd in Cologne, in 1871 . 


It Ia my intention to bring a subject before you to-day 
which has Ixsen nutzch. discussed — that is, the hypothesis 
of Kant and f^place as to the formation of the celestial 
Iwliiis, and more especially of our flanetsry system. 
1 he choicfo of*tiie subject needs no ap<dogy. In popular 
^ lectures, like the present, the hearers may reasonably 
expect from the lecturer, that he shall bring before 
them well-ascertained facts, and the complete results 
of lUTMtig^ion, and not unripe suppositions, hypothe- 
ses, or dr«m«. ■ • 

Of all the subjects to which the thought and im- 
l^mdlon of man could turn, the question as to the 
origin of the world has, since remote antiquity, been 
the favourite arena- of the wildest speculation. Bene- 
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ficent and malignant deities, giants, Kronoa who 
devours his children, Niflheim, "with the i(?e-giaiit 
"imir, who is killed by the celesiiiil Aanw,* that out fff 
him the world may be constructed— these jtre all figtires 
which fill the cosmogonic systems of the inonj culti- 
vated of the peoples. But the universality of the fact, 
that each people develops its own cosmoginies, and 
sometimes in great detail, is an expression of the 
•interest, felt by all, in knowing what is our own origin, 
what is the ultimate beginning of the things alamt 
us. And with the question of the Iwginning i« 
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Natiual Philosophy, and are far in advance of their 
times with a num'^r* of the happiest ideas. His 
philosophical writing^ at this period are but few, and 
partly like his introductory lecture, directly originat- 
ing in some adventitious circumstance ; at the same 
time the matter they contain is comparatively without 
originality, and they are only important from a des- 
tructive and partially sarcastic criticism. It cannot be 
denied that thft Kant of early life was a natural^ 
philosopher by instinct and by inclination ; and that 
probably only the power of external circumstances, the 
want of the nmans necessary for independent scientific 
research, and the tone of thought prevalent at the 
time, kept him to philosophy, in which it was only 
mu«h later that he produced anything original and 
important; for the Kritik der s^emen Vernvmft 
appeared in his fifty-seventh year. ^Jven ip. the later 
periods of his life, between his great philosophical 
works, he wrote occasional memoirs on natural philo- 
sophy, and regularly delivered a course of lectures on 
physical geography. He was restricted in this to the 
scanty measure of knowledge and of appliances of his 
time, and of the out-of-the-way place where he lived ; 
but with a large and intelligent mind he strove after 
such more general points of view as Alexander von 
Humboldt afterwards worked out. It is exactly an 
inversion of the historical connection, when Kant’s 







142 OK XEl OEIOIN OF THE PLANETARY SYSTEM, 

name is oecasionallj misused, to recommeml that 
natural philosophy shall leave *th#» induct ive imdhod, 
hy which it has become great, to ^revert to the windy 
speculations of a so-called ‘doductive metluHl.’ No 
one would hare attacked such a misuse, more ener- 
geticaUy and more incisively, than Kant himself 
if he were still among us. 

The same hypothesis as to the origin of our 
^planetary system was advanced a second time, hut 
appsirently quite independently of Kant, by the most 
celebrated of French astronomers, Simon, Manjuis de 
I^aplace. It formed, as it were, the find conclusion td 
his work on the mechanism of our system, ocasuted 
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known, and like tkem are explained on tke hypothesis ; 
and particularly if s^fivals of the processes, assumed 
to have taken place in the formation of the heavenly 
bodies, can be proved to exist in the present. 

Such direct confirmations of various kinds have, in 
fact, been formed for the view we are about to discuss, 
and have materially increased its probability. 

Partly this fact, and partly the fact that the 
hypothesis in question has recently been mentioned in 

m 

popular and scientific books, in connection with philo- 
sophical, ethical, and theological questions, have em- 
boldened me to speak of it here. I intend not so 
much to tell you anything substantially new in refer-^ 
ence to it, as to endeavour to give, as connectedly* as 
possible, the reasons which have led to, and have 
confirmed it. ^ 

These apol(!>gies which I must premise, ^only apply 
to the fact that I treat a theme of this kind as a popular 
lecture. Science is not only entitletl, but is indeed 
• beholden, to make such an investigation. For her it is a 
definite and important question — the question, namely, 
as to the existence of limits to the validity of the laws 
of nature, which rule all that now surrounds us ; the 
question whether they have always held in the past, 
and whether they will always hold in the future ; or 
whether, on the supposition of an everlasting unifor- 
mity of natural laws, our conclusions from present 
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circumstances as to tte past, and as to the future, 
imperatively lead to an impo^si^le state of things; 
that is, to the necessity of an |nfraction of natural 
laws, of a beginning which could not have been dues 
to processes known to us. Hence, to begin sudi an 
investigation as to the possible or probable primeval 
history of our present world, is, considered as a ques- 
tion of science, no idle speculation, but a question a« 
^to the limits of its methods, and as to the extent to 
which existing laws are valid. 

It may perhaps appear rash that we, restricted a* 
we are, in the circle of our observations in speu&d^ by our 
position on this little earth, which is but as a grain of 
dust in our milky way; and hmited in time by the 
short duration pf the human race; that we should 
attempt to apply the laws which we have deduced 
from the fipnfined drole of foots opm to ns, to riio 
whole range of infinite space, and of tim® feom 
everlasting to everlasting. But all our thought and 
our action, in the greatest as well as in the Imst, * 
is based on our confidence in the unchangeable order 
of nature, and this confidence has hitherto been the 
more justified, the deeper we have penetrated into the 
interconnections of natural phenomena. And that llm 
general laws, which we have found, al» hold for the 
most distant vistas of space, has acquired strong actual 
confirmation during the past half-century. 
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In the front rank of all, then, is the law of gravita- 
tion, The celestial bodies, as you all know, float and 
move in infinite spac4 Compared with the enormous 
distances between them, each of us is but as a grain of 
dust. The nearest fixed stars, viewed even under the 
most powerful magnification, have no visible diameter ; 
and we may be sme that even our sun, looked at from 
the nearest fixed stars, would only appear as a single 
luminous point ; seeing that the masses of those stars, 
in so far as they have been determined, have not been 
found to be materially different firom that of the sun. 
But, notwithstaifding these enormous distances, there 
is an invisiWe tie between them which connects them 
together, and brings them in mutual interdependence^ 
This ft the force of gravitation, with which all heavy 
masses attract each other. W^e knoW this force as 
gravity, •when it is operative between an eartiily body 
and the mass of our earth. The forqp which causes 

m 

a body to fall to the ground is none other than that 
wliich continually compels the moon to accompany the 
earth in its path round the sun, and which keeps the 
earth itself from fleeing off into space, away from the 
sun. 

Yon may realise, by means of a simple mechanical 
model, the course of planetary motion. Fasten to the 
branch of a tree, at a sufficient height, or to a rigid 
bar, fixed horizontally in the -wall, a silk cord, and at 
II. 
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its end a small heavy body— for instance, a lead ball. 
If yon allow tbis to hang at irest, it stretches the 
thread. This is the position ^ equilibrium of the 
baU. To indicate this, and keep it visible, put in 
the place of the baU any other solid body — for in- 
stance, a large terrestrial globe on a stmid. For this 
purpose the baU must be pushed aside, but it presses 
against the globe, and, if taken away, it stiU tends to 
come back to it, because gravity im^pels it towards its 
position of equilibrium, which w in the centre of the 
sphere. And upon whatever side it is drawn, the same 
thing always happens. This force, which drives the 
baU towards the globe, represents in our model the 
Ittraotion which the earth mcerts on the naoon, or the 
sun on the planets. After you have oonvincedrtyonr- 
selves of the aticuracy of these fects, try to give the 
ball, when it ds a little away from ^e globe, a slight 
throw in a kteind direction. If you have aocumtely 
hit the strength of the throw, the miitU. ball will 
move round the large one in a chnukr path, and may 
retain this motion for some time ; just as the moon 
persists in its course round the earth, or the planets 
about the sun. How, in our model, the circles 
described by the lead ball will be continually narrower, 
because the oppc«ing fiwoes, the resistance of the air, 
the rigidity of the thread, friction, cannot be elimi- 
nated, in this (mse, as they are excluded in the phute- 
tary system. 
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If the path about the attracting centre is exactly 
circular, the attractkig force always acts on the 
planets, or on the idd sphere, with equal strength. 
In this case, it is immaterial according to what law 
the force would increase or diminish at other dis- 
tances from the centre in which the moving body 
does not come. ^If the original impulse has not been 
of the right strength in both cases, the paths will not 



^e circular hut elliptical, of the f(nnn of the curved 
line in Fig. 5. But these ellipses he in both rases 
differently, as regards the attracting centre. In our 
model, the attracting force is stronger, the further the 
lead sphta-e is removsKl from its position of equflibrium. 
Under these drcumstances, the dlipse of the path has 
such a position in reference to the attracting centre, 
that this is in the centre, c, of the ellipse. F«r planets, 
on the contraiy, the rttracting force Is feebler the 
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this is the reason that an efiipp is described, one of 

■whose foci lies in the centre cm attraction. Tlie two 
foci, a and b, are two points which lie symmetrically 
to'wards the ends of the ellipse, and are ohatacterisecl 
by the property that the sum of their distances, 
ctm+bm, is the same from any given points. 

Kepler had foimd that the paths of the planete are 
% ellipses of this kind } and since, as'the above example 
shows, the form and position of the orbit depend on 
the law according to which the magnitude of the 


form of the planetaiy orbits the well-kno^ law of the 
force of gravitation, ■which attracts the planets to the 
sun, according to which this fare© dearmser with 
increase of di^ance as the square of that distance. 
TfficrestacM gravity most obey this law, wad Newton 
had the wondprM self-denial to rdOrain from publish- 
ing his important (towvery naril it had acquired a 
direct confirmation; this followed from the ohswfva- 
tions, that the frnree which attracts the moon towards 
the mth, bears towards the gravity of a terrestriid 
body the ratio required by above law. 

In the course of the eighteenth century the power 
of mathematical analysis, and the methods of astrono- 
mical observation, increased so far that all the Mmpli- 
eated actions, which take place between all the planets, 
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and all their Kitellitee, in consequence of the mutual 
action of each upon ^h, and which astronomerH call 
disturbances— disturbance, that is to say, of the simpler 
elliptical motions about the sun, which each one would 
produce if the others were absent — that all these 
could be theoreticaUy predicted from Newton’s law, 
and be accurately compared with what actually takes 
place in the havens. The derelopment of this theory 
of planetary motion in detail wm, as has bean said, # 
the merit of Laplace. The agreement between this 
theory, which was develr^ped fiKua the simple law of 
gravitation, and llhe «etremely mcapUmted mid man!> 
fold phenoDtiena which follow therefrena, was so com- 
plete and so accurate, as had new* previously been 
attained in any other branch of human knowledge. 
Emboldened by^this agreement, the%ext step was to 
conclude that where slight defects were' still •oaitantly 
found, unknown causes must be ^ worl^. Thus, from 
^ssel’s calcidation of the dlsar^an^ between the 
actual and the calculated motion df Uranus, it was 
Inferred that theiw must he anchor pknel. The 
poihion tihls planet was oalcaliited % I^fOverrier and 
Adams, and thus Neptue*^ ^ mmt distant of alt 
brnm at that wm dimov«ri^ 

But it was not merely in the region of th« sttmo- 
tion of our sun that the kw of gmvitatlon ims found 
to hold. Witih regard to the fixed iter% it mts found 






1 50 ON THE OEIGIN OF THE PLANETAEYt SYSTEM. 

that double stars moved about each other in elliptical 
paths, and that therefore the Ame law of gravitation 
must hold for them as for our planetary system. The 
distance of some of them could he calculated. The 
nearest of them, a, in the constellation of the Centaur, 
is 270,000 times further from the sun than the 
earth. Light, which has a velocity 186,000 miles 
a second, which traverses the distance from the sun to 
the earth in eight minutes, would *l;ake four years to 
travel from a Centauri to us. The more delicate 
methods of modern astronomy have made it possible 
to determine distances which light would take thirty- 
five years to traverse ; as, for instance, tl^e Pole Star ; 
But the law of gravitation is seen to hold, ruling the 
motion of the double stars, at distances in the heSvens, 
which all the nSeans we possess have hitherto utterly 
failed to measure. 

The knowledge of the law of gravitation has here 
also led to the discovery of new bodies, as in the 
case of Neptune. Peters of Altona found, confirming 
therein a conjecture of Bessel, that Sirius, the most 
brilliant of the fixed stars, moves in an elliptical path 
about an invisible centre. This must have been due 
to an unseen companion, and when the excellent and 
powerful telescope of the University of Cambridge, in 
the United States, had been set up, this was discovered. 
It is not quite dark, but its light is so feeble that it 
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c£Lii only "bo S 6611 by tbo most porfoct mstnimcnts. 
The -masa of Sirius fotuad to be 13‘76, and that of 
its satellite 6*7 Ij tinites the mass of the snnj their 
mutual distance is equal to thirty-seven times the 
radius of the earth’s orbit, and is therefore somewhat 
larger than the distance of Neptune from the sun. 

Another fix^ star, Proeyon, is in the same case as 
Sirius, but its satellite has not yet been discovered. 

You thus see that in gravitation we have dis- 
covered a property common to all matter, which is not 
confined to bodies in our system, but extends, as far in 
the celestial space, as our means of observation have 
hitherto beqp. able to penetrate. 

But not merely is this universal property of ^ 
mass shared by the most distant celestial bodies, as 
well as by terrestrial ones ; but spectrum analysis has 
taught us that a number of well-toown •terrestrial 
elements are 'met with in the atmOTpheres of the 
fixed stars, and even of the nebulae. 

You all know ttat a fine bright^ Kne of ligbt, seen 
througli a glass prism, appears as a coloured band, red 
and yellow at one edge, blue and violet at the other, 
and green in the middle. Such a coloured image is 
called a spectrum — the rainbow is such a one, produced 
by the refraction of light, though not exactly by a 
prism ; and it exhibits therefore the series of colours 
into which white sunlight can thus be decomposed. 
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The formation of the prismatic spectrum depends on 
the fact that the sun’s light, ancithat of most ignited 
bodies, is made up of various feinds of light, which 
appear of different colours to our eyes, and the rays 
of which are separated from each other when refracted 
by a prism. 

Now if a solid or a liquid is headed to such an 
extent that it becomes incandescent, the spectrum 
• which its light gives is, like the rainbow, a broad 
coloured band without any breaks, with the well-known 
series of colours, red, yellow, green, Mue, and violet, 
and in no wise characteristic of the nature of the body 
which emits the light. ^ 

p 

The case is different if the light is emitted by an 
ignited gas, or*^by an ignited vapour — ^that is, a sub- 
stance vaporise(fby heat. The spectrum of such a 
body consists, fhen, of one or more, and sometimes 
even a great number, of entirely distinct bright lines, 
whose position and arrangement in the spectrum is 
characteristic for the substances of which the gas or 
vapour consists, so that it can be ascertained, by means 
of spectrum analysis, what is the chemical constitution 
of the ignited gaseous body. Graseous spectra of this 
kind are shown in the heavenly space by many 
nebulae; for the most part they are spectra which 
show the bright line of ignited hydrogen and oxygen, 
and along with it a line which, as yet, has never been 
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n piTi fomid in the spectrum of any terrestrial element. 
Apart from tlie prc^f of two well-known terrestrial 
elements, this discovery was of the utmost importance, 
since it furnished the first unmistakable proof that the 
cosmical nebulse are not, for the most part, small heaps 
of fine stars, but that the greater part of the light 
which they emit is really due to gaseous bodies. 

The gaseous ^spectra present a different appearance 
when the gas is in front of an ignited solid whose *' 
temperature is far higher than that of the gas. The 
observer sees ''then a continuous spectrum of a solid, 
but traversed by fine dark lines, which are just visible 
in the places in which the gas alone, seen in front of 
a dark background, would show bright lines. The 
solar spectrum is of this kind, and al^ that of a great 
number of fix^d stars. The dark^nes of the solar 
spectrum, originally discovered by * ’Wollaston, were 
first investigal^ed and measured by Frajmhofer, and are 
^ hence known as Fraunhofer’s lines* 

Far more powerful apparatus jras afterwards nsed 
by Kirchhoff, and then by Angstrom, to push the de- 
composition of light as fer as possible. Fig^ 6 re- 
presents an apparatus with four prisms, constructed 
by Steinheil for Kirchhoff. At the further end of the 
telescope b is a screen with a fine slit, represent- 
ing a fine slice of light, which can be narrowed or 
widened by the small screw, and by which the light 





OU THE OEIGIir OF THE PLANETAET SOTSTEM. 


under investigation can le allowed to enter. It then 
passes ttrough the telescope b, aftpwards througk tae 


C.OULOS 


four prisms, and finally through the telescope a, from 
which it reaches the eye of the observer. Figs. 7, 8, 
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and 9 represent small portions of the solar spectrum 
as mapped by Kircl|off, taken from the green, yellow, 
and golden-yellow, in which the chemical symbols 
below — Fe (iron), Ca (calcium), Na (sodium), Pb (lead) 
— and the affixed lines, indicate the positions in which 
the vapours of these metals, when made incandescent, 
either in the«flames or in the electrical spark, would 
Fio. 9. 



show bright lines. The numbers above them show 
how far these fractions of Edrchhoflf’s map of the whole 
system are apart from each other. Here, also, we see 
a predominance of iron lines. In the whole spectrum 
Kirchhofif found not less than 450. 

It follows jBrom this, that the solar atmosphere con- 
tains an abundance of the vapours of iron, which, by 
the way, justifies us in concluding what an enormously 
high temperature must prevail there. It shows, more- 
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over, tow our figs. *!, 8, and 9 indmte iron, calcium, 
and sodium, and also the presence |5f hydrogen, of zinc, 
of copper, and of the metals of magnesia, alumina, 
laryta, and other terrestrial elemente, lead, on the 
other hand, is wanting, as well as gold, silver, mercury, 
antimony, arsenic, and some others. 

The spectra of several fixed stars are* similarly con- 
stituted ; they show systems of fine lines which can be 
•identified with those of terrestrial elements. In the 
atmosphere of Aldebacan in Taurus Uiere is, again, 
hydrogen, iron, magnesium, calcium, sodium, and also 
mercmry, antimony, and bismuth ; md, acooxdag to 

C. Vogel, there is in a Orionis the jrara metal 
th^tun; and so on. 

We osmnot, indeed, my that we have expWaed* aU 
spectral many fbM stars exhibit pecpliarly handed 
spectra, prelabl/helooging to gases whose molecules 
have not heem c|a«ptotely resolved into tiheir atoms by 
the Mgh tempemtuie. In the spectrum of the sun, 
also, axe many lings which we cannot identii^ with 
those terrestrial elements. It is pMsible that they 
may be due to substances unknown to us, it is also 
possible that they are produced the ^cocwaively high 
temperature of the sun, far transcendlag Miything we 
can produce. But this is certain, that the known 
terrestrial substances are widely diffused in lessee, and 
e^pecdaUy nitrogen, which o^stitut4» the gtm^ put 
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of our atmospTiorej andi hydrogen^ an element in water^ 
which indeed is formed V its combustion. Both have 
been found in the irresolvable nebula, mid, from the 
inalterability of their shape, these must be masses 
of enormous dimensions and at an enormous distance. 
For this reason Sir W. Herschel considered that they 
did not belong to the system of our fixed stmrs, but 
were representatives of the manner in which other 
systems manifesfed themselves, , 

Spectrum analysis has further taught us more 
about the sun* by which he is brought nearer to us, as it 
were, than codld formerly have seemed possible. You 
know that^ the sun is an enormous sphere, whose 
diameter is 112 times as great as that of the Mfth. 
We may consider what we see on its.surface as a layer 
of incandescent vapour, which, t% judge from the 
appearances 0 / the sun-spots, has a deptji of about 
500 miles. This layer of vapour, which is continually 
radiating heat on the outside, and is certainly cooler 
* than the inner masses of the sun, is, however, hotter 
than all our terrestrial flames — ffotter even than the 
incandescent carbon points of the electricd arc, which 
r^esent the highest temperature attainable t«rres> 
trW means. This can be deduced with certainty fr<«n 
KirchhofPs law ci the radiation of <^^ue bodioi, from 
the greater luminous intensity of the sun. The older 
assmnption, that the son it a dark <kk>I body, sur* 
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rounded by a pbotospbere wMoii only mikim hmt 
and light externally, contains a'phymcal impossibility. 

Outside the opaque photosphAe, the sun appwirs 
surrounded by a layer of transparent gues, whldh are 
hot enough to show in the spectrum bri|^t ooloim^ 
lines, and are hence called the Chnmmplmm, 1 %^ 
show the bright lines d hydrogen, of sodium, of mi^e- 
sium, and iron. In these layers of gaa*and of fapour 
^ about the sun enormous storms occfir, which are as 
much greater than those our earth in extimt imd in 
velocity as the sun is greater than the eai^b. Currents 
of ignited hydrogen brnrstout several thmmads miles 
high, like gigantlo jets w tongues <rf flame, with clouds 
of '%moke above them,' These stmeturw^coidd forw 
merly only be viewed at the time of a total of 
the sun, forming iitrhat were calls^ the K>so-r®d pm- 
tub^Mces.^ W®, now possess a method, devised by 
MM. Jaiuen makl J^ockyer, by which they may at any 
time be seen by tihe aM (rf" tito spectarcws^. 

On the other hand, there m iadividnal darker * 
parts on the sun's furfiu^, wh^ are cidled tUiHipdif 
which were seen as long ago as by Galileo. They are 
funnel-shaped, the sides of the fimael are not so dark 
as the deepest part, the core. F%. 10 represents such 
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a spot according to Padre Secchi, as seen under power- 
ful magnification. Theit diameter is often more than 
many tens of thousands of miles, so that two or three 
earths could lie in one of them. These spots may 
stand for weeks or months, slowly changing, before 
Fia 10. 


they are again resolved, and meanwhile several rota- 
tions of the sun may take place. Sometimes, however, 
there are very rapid changes in them. That the core 
is deeper than the edge of the surroimding penumbra 
follows firom their respective displacements as they 
come near the edge, and are therefore seen in a veiy 
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oblique direction. Fig. 11 represente in A to E the 
different aspects of such a spot as it comes near the 
edge of the snn. 

Just on the edge of these spots there are spectro- 
scopic indications of the most violent motion, and 
in their vicinity there are often large protuberances ; 
they show comparatively often a rotatory motion. 
They may be considered to be places where the 
Fw. 11. • 


coolcar gases frola the outer layera of tti® gaa»s atcMw- 
phere sink down, and perhaps produce load superficial 
cooHng^ ^ the sutt’s mass. To understand tire <»igin 
of these phenomena, It must be remembered that the 
gases, as they rise fifom the hot Imdy of tibe sun, are 
charged with vapours of difficultly wlatlk metals, 
which espand as they ascend, and leurtly by their ex- 
pansion, and partly by radbdion Into space, must be- 
come cooled. At the mme time, they deposit their 
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more difTienltlj volatile constituents as fog or cteud, 
This cooling can only, of course, be rogardetl a« mm- 
parative; their temperature is probably, evtsn then, 
higher than any temperature attainable on tlio oartii. 
If now the upper layers, freed from the heavier 
vapours, sink down, there will be a space over the 
sun’s body which is free from cloud. Tliey iipja^ar 
then as depresSons, beemuse about them ar« layers of 
ignited vapours ^ much as 500 miles in height. 

Violent storms cannot Ml to occur in the soifs 
atmosphere, b^use it is ooolaj on the outside, anrl 
the coolest juid comparatively densest imd heaviest 
parts come^to lie over the hotter and lighter ones. 
This is the remcm. why we have frequent, and at tiirftss 
sudden and violent, movements in % mrtii’s atmos- 
phere, because this is hcatetl from ground niado 
hot by the sun* and is cooled above. Wi^i the far 
more colossal ^lagnitude and temperature of the sun, 
its meteorologiml processes are on a lir larger scale, 
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planetary disturbances. By disturbances of tbe plane- 
tary motion astronomers xmderltand, as I have already 
mentioned, those deviations from the purely elliptical 
motion which are due to the attraction of various planets 
and satellites upon each other. The attraction of the 
sun, as by far the largest body of our system, is indeed 
the chief and preponderating force which produces the 
motion of the planets. If it alone were operative, 
each of the planets would move continuously in a con- 
stant ellipse whose axes would retain the same direc- 
tion and the same magnitude, making tb-© revolutions 
always in the same length of time. But, in point of 
fact, in addition to the attraction of the sun there are 
attractions of aE other planets, which, thongh 
small, yet, in Jong periods of time, do effect slow 
changes in the plane, the direction, and the magnitude 
of the ax^ of its elliptical orhit. It 'has been asked 
Rrhether these attractions in the orbit of the planet 
could go so far as . to cause two adjacent planets to 
encounter each other, so that individual ones fall into" 
the sun. Laplace ^as able to reply that this could not 
he the case ; that all alterations in the planetary orbits 
produced by this kind of disturbance must periodically 
increase and decrease, and again revert to a mean 
condition. But it must not be forgotten that this 
result of Laplace’s investigations only applies to dis- 
turbances due to the reciprocal attraction of planets 
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upon each other, and on the assumption that no forces 
'if other kinds have any influence on their motions. 

On our earth we cannot produce such an everlast- 
ing' motion as that of the planets seems to be; for 
resisting forces are continually being opposed to all 
movements of terrestrial bodies. The best known of 
these are what^we call friction, resistance of the air, 
and inelastic impact. 

Hence the fundamental law of mechanics, accord- '' 
ing to which every motion of a body on which no force 
acts goes on i» a straight line for ever with unchanged 
velocity, never fields fully. 

Even if^we eliminate the influence of gravity in 
a ball, for example, which rolls on a plane surface, we 
see it go on for a while, and the furtber the smoother 
is the path; but at the same time -m hear the rolling 
ball make a clattering sound— that is, it produces waves 
of sound in the surrounding bodies;. there is friction 
even on the smoothest surface ; this sets the surround- 
ing air in vibration, and imparts to it some of its own 
motion. Thus it happens that its velocity is con- 
tinually less and less until it finally ceases. In like 
manner, even the most carefully constructed wheel 
which plays upon fine points, once made to turn, goes 
on for a quarter of an hour, or even more, but then 
stops. For there is always some friction on the axles, 
and in addition there is the resistance of the air, which 

m2 
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resistance is mainly due to that of the particles of air 

f 

against each other, due to their friction against the 
wheel. 

If we could once set a body in rotation, and keep 
it from falling, without its being 8upi>ort«id by another 
body, and if we could transfer the whole arrangement to 
an absolute vacuum, it would continue to move for ever 
with undiminished velocity. This case, which mnnot. 
be realised on terrestrial bodies, is api«rently met 
with in the planets with their jMiteilites. Tiiey ai>iR*ar 
to move in the perfectly vacuous cosmioal spacfs, with- 


friction in the motion the planets f - 

From the progress which the knowledge of nature 
has made since the time of Laplace, we must now* 
answer both questiras in the native. 

Celestial spe© is not absolutely vacuous. In the 
first place, it is fiUed by that ooatinuoUB medium the 
agitation of which constitutes light and mdfant heat, 
and which physicists know as the luminiferous ether. 
In the second place, large and small fragments of 
heavy matter, from the of huge stones to that of 
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dust, are still everywliere scattered; at any rate, in 
those parts of space \vhich our earth traverses. 

The existence of the luminiferous ether cannot be 
considered doubtful. That light and radiant heat are 


due to a motion which spreads in all directions has been I 

sufficiently proved. For the transference of such a j 

motion through space there must be something which I 

can be moved. Indeed, from the magnitude of the | 

action of this motion, or from that which the science J 

I 

of mecliamcs calls its vis viva, we may indeed assign ^ 

certain limita for the density of this medium. Such | 

a calculation Kas been made by Sir W. Thomson, the 

celebrated jplasgow physicist. He has found that the 

density may possibly be far less than that of the "air 

in the most perfect exhaustion obtainable by a good 

air-pump ; but that the mass of tl.e ether cannot be 

absolutely equal to zero. A volume equal, to that of 

the earth cannot contain less than. 2,775 pounds of | 

luminous ether.* 

The phenomena in celestial space are in conformity 
■mth this. Just as a heavy stone flung through the 
air shows scarcely any influence of the resistance of I 

the air, while a light feather is appreciably hindered ; I 

in like manner the medium which fills space is far too I 

attenuated for any diminution to have been perceived I 


* This calcnlation wouM, however, lose its bases if MaxwelFs hypf>. 
thesis were conhrmecl, a'^cordjng to which light depends on electrical 
and maiznotical oseillations 
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in. the motion of the planets since the time in which 
we possess astronomical observations of their path. It 
is different with the smaller bodies of our system. 
Encke in particular has shown, with reference to the 
well-known small comet which bears his name, that it 
circulates round the sun in ever-diminishing orbits and 
in ever shorter periods of revolution.^ Its motion is 
similar to that of the circular pendulum which wo have 
mentioned, and which, having its velocity gradually 
delayed by the resistance of the air, describes circles 
about its centre of attraction, which continually become 
smaller and smaller. The reason for this phenomenon 
is the following: The force which offers a resistance 
to the attraction of the sun on aH comets and planets, 
and which prevents them from getting continually 
nearer to the stSi, is what is called^ the centrifugal 
force — thH is, the tendency to continue their motion 
in a straight lipe in the direction of their path. As 
the force of their motion diminishes, they yield by a 
corresponding amount to the attraction of the sun, and 
get nearer to it. If the resistance continues, tihey will 
continue to get nearer the sun until they fall into it. 
Encke^s comet is no doubt in this condition. But the 
resistance whose presence in space is hereby indicato<l, 
must act, and has long continued to act, in the same 
manner on the fer larger masses of tihe planets. 

The presence of partly fine and partly coarse 
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heavy masses diffused in cosmical space is more dis- 
tinctly revealed by the phenomena of asteroids and of 
meteorites. We know now that these are bodies 
which ranged about in cosmical space, before they came 
within the region of om: terrestrial atmosphere. In 
the more strongly resisting medium which this atmos- 
phere offers they are delayed in their motion, and at 
the same time are heated by the corresponding friction. 
Many of them inhy still find an escape from the terres- - 
trial atmosphere, and continue their path through 
space with ajj altered and retarded motion. Others 
fall to the earth ; the larger ones as meteorites, while 
the smaller ones are probably resolved into dust by the 
heat, and as such fall without being seen. According 
to Alexander Herschel’s estimate, we may figure shoot- 
ing-stars as being on an average (jf the same size as 
paving-stones. ’ Their incandescence mostl;^ occurs in 
the higher and most attenuated regions of the atmos- 
phere, eighteen miles and more above the surface of 
•the earth. As they move in space under the influence 
of the same laws as the planet# and comets, they 
possess a planetary velocity of from eighteen to forty 
miles in a second. By this, also, we observe that they 
are in fact etdle cadente, falling stars, as they have 
long been called by poets. 

This enormous velocity with which they enter our 
atmosphere is undoubtedly the cause of their becom- 





1G8 ON THE OEIGISr OF THE PLANETAEY gYStKa. 

ing heated. You all know that friction heats fho 
hotlies rubbed. Every matcK that wo ignite, every 
badly greased coach-wheel, every anger which we work 
in hard wood, teaches this. The air, like solid Isidies, 
not only becomes heated by friction, but also l»y the 
work fonsumed in its compression. One of the most 
important results of modem physics, the actual proof 
of which is mainly due to the Englisfmmu Joule, f« 
that, in such a case, the heat develojfef! is exactly pro- 
portional to the work expended. If, like the nitsshani^ 
cians, we measure the work done by the, weight which 
would be necessary to produce it, m«lt!pli«l by the 
height from whidh it must fall, Joule has sliown that 
thr work, produced by a given wo%ht of mter falling 
through a height of 425 metres, would be just suffi- 
cient to raise th^same weight of water tlmuigh on© 
degree Centigrade. The equivalent' in work of a 
velocity of eighteen to twenty-four miles in n second 
may be easily calculated from known ni«hsni«l laws j 
and this, transformed into heat, would be sufficient to' 
mise the temperaKure of a piece of metomde Iron t© 
9(X),000 to 2,500,000 degrees Centigrade, provided that 
all the heat were retained by the iron, and did not, m 
it undoubtedly does, mainly pass into the idr. Tliis 
calculation 8how% at my ate, that the wlocity of the 
shooting-stms is perfectly ad^tmte to aise them to 
the most violeht incandescence. The tempemturei 
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attainable by terrestrial means scarcely exceed 2,000 
degrees. In fact, the outer crusts of meteoric stones 
generally show traces of incipient fusion $ and in cases 
in which observers examined with sufficient prompti- 
tude the stones which had fallen they found them hot 
on the surface, while the interior of detached pieces 
seemed to show the intense cold of cosmical space. 

To the individual observer who casually looks 
towards the starry sky the meteorites appear as a rare 
and exceptional phenomenon. If, however, they are 
continuously observed, they are seen with tolerable 
regularity, espScially towards morning, when they 
usually falL^ But a single observer only views but a 
small part of the atmosphere; and if they are calffu- 
lated for the entire surface of the earth it results that 
about seven and a half millions fall ^ery day. In our 
regions of space* they are somewhat sparse ^d distant 
from each other. According to Ale:|ander Herschers 
estimates, each stone is, on an average, at a distance of 
"*450 miles from its neighbours. But the earth moves 
through 18 miles every second, anfl has a diameter of 
7,820 miles, and therefore sweeps through 876 millions 
of cubic miles of space every second, and carriea with 
it whatever stones are contained therein# 

Many groups are irregularly distributed in space, 
being probably those which have already undergone 
disturbances hy planets. There are also denser swarms 
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•whieb, move ia regular elliptical orbits, cutting- 
earth’s orbit in definite places, and therefore al-vrny 
occur on particular days of the year. Tims the loti 
of August of each year is remarkable, and every th-ifty. 
three years the splendid fireworks of the 12th to 
14th of November repeats itself for a few years. Xt. ij 
remarkable that certain comets accompany the pa.-fcl*i 
of these swarms, and give rise to the supposition •t'b.m.i 
the comets gradually split up into meteoric swarms. 

This is an important process. What the eartl 
does is done by the other planets, andwn a far hi^ljcsi 
degree by the sun, towards which 'all the smaller 




OU TKE OUIGIN' OB TEE PLAEETA.EY SYSTEM, 171 

fine dust, we see ourselves led to a primitiye coaditiou 
of fine nebulous masses. 

From this point of viey^, that the fall of shooting- 
stars and of meteorites is perhaps only a small survival 
of a process vrliich once built up worlds, it assumes far 
greater significance. 

This would he a supposition of which we might 
% 

admit the possibility, but which could not perhaps 
claim any great liegree of probability, if we did not 
find that our predecessors, starting from quite different 
considerationsjihad arrived at the same hypothesis. 



You know that a considerable number of planets 
rotate around the sun besides the eight larger ones, 
llercury, Venus, the Earth, Mars, Jupiter, Satifin, 
Tlranus, and Neptune ; in the interval between Mars 
and Jupiter there circulate, as far-^s we know, 156 
small planets or planetoids. Moons also rqtate about 
the larger planets — ^that is, about tl^e ^arth and the 
four most distant ones, Jupiter, Saturn, Franus, and 
'^N'eptune; and lastly the Sun, and at any rate the 
larger planets, rotate about their %wvl axes. Now, in 
the first place, it is remarkable that all the planes of 
rotation of the planets and of their satellites, as well 
as the equatorial planes of these planets, do not vary 
much from each other, and that in these planes all the 
rotation is in the same direction. The only consider- 
able exceptions known are the moons of Uranus, 
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whose plane is almost at right angles to the planes of 
the larger planets. It must at the aime tiitui he 
remarked that the coincidence, in the direction of these 
planes, is on the whole greater, the longer arts the 
bodies and the larger the paths in question ; whihs in 
the smaller bodies, and for the smaller paths, rsspe- 
ciallj for the rotations of the planets about their own 
axes, considerable divergences occur. Thus the plaiii« 
of all the planets, with the exception of Mercury and 
of the smdl ones between Mars and Jupiter, differ at 
most by three degrees from the p.tli of the Earth. 
The equatorial plane of the Sun deviiites by only wven 
and a half degrees, that of Jupiter only m much. 
Ilie equatorial plane of the Earth deviates, it is true, 
to the extent twenty-three and a half degrees, and 
that of Mars bjiitwenty-elght and a half degrees, and 
the 8epa);|ite paths of the small pianet*i satellites differ 
still more, in these p.tits they all move dirMt, 
all in the Ktme direction about the sun, and, as far as 
can be ais^ertained, duo about their own axes, liiTe 
the earth— that fs, fr<m west to east. If they ha<l 
originatwi independently of Meh other, and Iwd 
come together, any direction of the planes for each 
individual am would have been equally probable | a 
reverse directioa df the tarbit would have liocn just as 
probable as a direct onef decidedly elfiptiml paths 
would have been as proteble as the almost circular 
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ones which, we meet with in all the bodies we have 
named. There is, in fact'’, a complete irregularity in 
the comets and meteoric swarms, which we have 
much reason for considering to be formations which 
have only accidentally come within the sphere of the 
sun’s attraction. 

The number of coincidences in the orbits of the 

m 

planets and their satellites is too great to be ascribed 
to accident. We Imust inquire for the reason of this 
coincidence, and this can only be sought in a primi- 
tive connection of the entire mass. Now, we are 
acquainted with'* forces and processes which condense 
an originally^diffused mass, but none which could drive 
into space such large masses, as the planets, in the 
condition we now find them. Moreover, if they had 
become detached from the common mass, at a place 
much nearer the sun, they ought to have a markedly 
elliptical orbits We must assume, a,c§^rdingly, that 
this mass in its primitive condition extended at least 
fo the orbit of the outermost planets. 

These were the essential feature! of the considera- 
tions which led Kant and Laplace to their hypothesis. 
In their view our system was originally a chaotic ball 
of nebulous matter, of which originally, when it ex- 
tended to the path of the most distant planet, many 
billions of cubic miles could contain scarcely a gramme 
of mass. This ball, when it had become detached from. 
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the nebuloas halls of the adjacent fixed stars, possessed 
a slow movement of rotatiod. It became condensed 
under the influence of the reciprocal attraction of its 
parts ; and, in the degree in which it condensed, tlio 
rotatory motion increased, and formed it into a flitt 
disk. From time to time masses at the circumfcrenco 
of this disk became detached under the influence of 
the increasing centrifugal force; that which became 


which either simply condensed and formed a planet, or 
during this condensation again repelled masses from 
the peripheiy, which became satellites', or in one case, 


from mih other, and fuumisbed the swarms of small 
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The showers of stars, as examples now taking place 
of the process which formed the heavenly bodies, are 
important from another point of view. They develop 
light and heat; and that directs ns to a third series 
of considerations, which leads again to the same goal. 

All life and all motion on our earth is, with few 
exceptions, kept up by a single force, that of the sun’s 
rays, which brin^ to us light and heat. They warm 
the air of the hot zones, this becomes lighter and 
ascends, while the colder air flows towards the poles. 
Thus is formed^ the great circulation of the passage- 
winds. Local differences of temperature over land and 
sea, plains and mountains, disturb the uniformity of 
this great motion, and produce for us the capricious 
change of winds. Warm aqueous vapours ascend with 
the warm air, become condensed into^ clouds, and fall 
in the cooler zoiles, and upon the snowy tojgs of the 
mountains, as rain and as snow. The w^er collects in 
brooks, in rivers, moistens the plains, and makes life 
possible ; crumbles the stones, carries their fragments 
along, and thus woi'ks at the geological transformation 
of the earth’s surface. It is only under the influence 
of the sun’s rays that the variegated covering of plants 
of the earth grows ; and while they grow, they accumu- 
late in their structure organic matter, which partly 
serves ehe whole animal kingdom as food, and serves 
man more particularly as fuel. Coals and lignites, the 
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sources of power of our steam engines, are remains of 
primitive plants — the ancient prfxluction of the sun’s 
rays. 

Need we wonder if, to our forefathers of the Aryan 
race in India and Persia, the sun appeared ns the fittf'st 
symbol of the Deity? They were right in reg^nliiig it 
as the giver of all life — as the ultimate soarce of almost 
all that has happened on earth. ** 

But whence does the sun acqutrti this force? It 

radiates forth a more intense light than can bo attain«l 

with any terrestrial means. It yields as much beat as 

if 1,500 pounds of coal w^e burned .every hour upon 

each square foot of its surface. Of the beat which 

thus issues from it, the small fraction whi^h enters our 

atmosphere famishes a grmt mechanical force. Every 

steam-engine i^hes us that hmt can produce such 

force. The sun, in fact, drives on 'earth a kind of 
# 

steam-engine whose performances are far greater than 
those of aiti^ially constructed machines. The cireu* 
lation of water in the atmosphere raim, as has bcM 
said, tiie water tvapomted from the warm tropical 
seas to the mountain heights ; It is, as it were, a watwr- 
raising engine of the most nmgnifleenl kind, with 
whose power no artl&dal machine can he even dis- 
tantly compared. I have previously eaptofnrf the 
mechanical ^uivatet oi heat. Oalcukted by that 
standard, the wmlt whidh the siw produces ii# 
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radiation is equal to the constant exertion of 7,000 
horse-power for each square foot of the sun’s surface, 
For a long time experience had impressed on our 
mechanicians that a working force cannot be produced 
from nothing; that it can only be taken from the 
stores which nature possesses ; which are strictly limited 
and which cannot be increased at pleasure — whether it 
be taken from the rushing water or from the wind ; 
whether from the layers of coal, or from men and from 
animals, which cannot work without the consumption 
of food. Modesn physics has attempted to prove the 
universality of this experience, to show that it applies 
to the great whole of all natural processes, and is inde- 
pendent of the special interests of man. These have 
been generalised and comprehended m the all-ruling 
natural law of the Conservation of Fowce. No natural 
process, and no series of natural processeSj, can be 
found, however . manifold may be the»<^nges which 
take place among them, by which a motive force can 
b8 continuously produced without a corresponding con- 
sumption. Just as the human race 5nds on earth but 
a limited supply of motive forces, capable of producing 
work, which it can utilise but not increase, so also 
must this be the case in the great whole of nature. 
The universe has its definite store of force, which 
works in it under ever varying forms j is indestructible, 
not to be increased, everlasting and unchangeable like 


n: 


N 
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matter itself. It seems as if Goethe had an idea of 

this when he makes the earth-spirit sjjeak of himself 

as the representative of natural force. 

In th« of Ilf®, in tihe t®mpf its of wotloni 

Ib th® fervour of &t% m th® in tli® s¥mup 
llitliir and thillior# 

Omr mnd ttiidtr, 

W«nd I and waiidor. 

Birtli And fh® gwT% « 

LImitliM oe«iiA« 

Wh®r® tlj® WAt® 


At th® wWrImf loom of tim# 

I work tk# Mrkg Awotk dt ML 


originate in a prw^ss of this kind ? To this 


for w© now know that the sun contains the teitwrtrial 


water. The mass of the sun !s 
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tnown, and also the quantity of heat produced by the 
union of known weights* of oxygen and hydrogen. 
Calculation shows that under the above supposition, 
the heat resulting from their combustion would be 
suflacient to keep up the radiation of heat from the 
sun for 3,021 years. That, it is true, is a long time, 
but even profane history teaches that the sun has 
lighted and warmed us for 3,000 years, and geology 
puts it beyond doubt that this period must be ex- 
tended to millions of years. 

Known chenaical forces are thus so completely in- 
adequate, even od the most favourable assumption, to 
explain the production of heat which takes place in 
the sun, that we must quite drop this hypothesis. 

We must seek for forces of fer greater magnitude, 
and these we can pnly find in cosmicalmttraction. We 
have already seen that the comparatively small masses 
of shooting-stars and meteorites can p|®duce extra- 
ordinarily large amounts of heat when their cosmical 
velocities are arrested by our atmosphere. Kow the 
force which has produced these great velocities is 
gravitation. We know of this force as one acting on 
the surface of our planet when it appears as terrestrial 
gravity. We know that a weight raised from the 
earth can drive our clocks, and that in like manner 
the gravity of the water rushing down from the moun- 
tains works our mills. 


112 
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If a weiglit fells from a height and strikes the 
ground its mass loses, indeeSi, the visible motion which 
it hiid as a whole— in feoi^ however, this motion is not 
lostj it is transferred to the smallest elementary 
particles of the mtas, and this invirible vibration of 
the molecules is the motion of heat. Visible morion 
is transformed by impact, into the morion of heat. 

That which holds in this respect for gmvity, holds 
also for gravitation. A heavy mass, of whatever kind, 
which is suspended in space sej^ati^ from another 
heavy mass, represents a for^ capable wcmk. For 
both masses attract m&h other, and, If unr^toain^ 
centrifugal force, they move towards other under 
the influence of this attracrioBi tiWs takes phwm with 
ever-increasing velocity | and if ttls velodty is finally 
d^royed, whether this be suddenty, by edHsiem, m 
giaduaMy, by the firicriem of movable parts, it dbvelo{» 
tihe eorre^pe^ding quantity of the metiwa of hea^ the 
mnonnt of whidx can be calculated ttom the equiva- 
lency previoudy ^tablidied, Itetweau h^t and me- 
chanical work. * 

Now we may assume with great probability that 
very many more meteors fell upon tibe sun than upon 
the ^rth, wxd with gr^tar vebdty, too, and therdbre 
give more heat. Yet tihe hypcih(»fiy that tihe entire 
amount the son's h^ whWi is eontinually Iwt by 
radiation, is made by tibe felt of mdeorya bypdheds 
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wkieli was propounded bj Mayer, and tas been favour- 
ably adopted by several ot\ier physicists, is open, ac- 
cording to Sir W. Thomson’s investigations, to ot- 
jection; for, assuming it to told, the mass of the 
sun should increase so rapidly that the consequences 
would Lave shown themselves in the accelerated 
motion of the planets. The entire loss of heat from 
the sun cannot at all events be prodnced in this way ; 
at the most a portion, which, however, may not be 
inconsiderahle. 

If, now, ther^ is no present manifestation of force 
suflSeient to cover the expenditure of the sun’s heat, 
the sun must jriginally have had a store of heat which 
it gradually gives out. But whence this store ? W& 
know that the cosmical forces alone could have pro- 
duced it. And here the hypothesis, <ipreviously dis- 
cussed as to the origin of the sun, comes to our mii* If 
the mass of the sun had heen once diffuse^ in cosmical 
space, and had then been condensed — that is, tad fallen 
toother under the influence of celestial gravity — if 
then the resultant motion had been destroyed by 
friction and impact, with the production of heat, the 
new world produced by such condensation xntut have 
acquired a store of heat not onlj of considerable, but 
even of colossal, magnitude. 

(Meulation shows that, aisuming' the thermal capa- 
city of the sun to be the same as that of water, the 
I 



182 OU THE OMOEKT OE THE PLANETAIW SYSTEM. 

temperatuxe miglit be raised to 28,000,000 of dep^ees, 
if this quantity of heat could ever have been present 
in the sun at one time. This cannot be asmimed, for 
such an increase of temperature would offer the 
greatest hindrance to condensation. It is prolmble 
rather that a great part of this heat, which was pro- 
duced by condensation, began to r^iate into 8|«ice 
before this condensation was complete. But the heat 
which the sun could have previously developed by its 
condensation, would have been sufficient to cover its 
present expenditure for not less thrai 22,000,000 of 
years of the past. 

And the sun is by no means so dense as it may 
become. Spectrum analysis demonstrates the presence 
of large masses of iron mi. of other known constituents 
of the rocks. <€110 pressure which .endwvours to »n- 
dense the interior is about 800 times as great as that 
in the oentri «i the earth j and yet the demity of the 
sun, owing probably to its enormous temperatnre, is 
less than a quarter of the mean density of the earthl 

We may therefore assume with grmt probability 
that the sun will still ooatinue in its ecNodensation, even 
if it only attained the dmsity of the earth— though it 
will prolwibly beemne fer denser In the interior ©wing 
to the enormous pressure — ^this would develop fresh 
qtmntities of heat, whidi would be suffident to main- 
tain for an additional 17,000,(K)0 of jmxt the wae 


# 
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intensity of sunshine as that which is now the Miirce 
of all terrestrial life. 

The smaller Ixxiies of our system might become 
less hot than the sun, because the attraction of the 
fresh masses would be feebler. A body like the earth 
might, if even we put its thermal caimcity as high as 
that of water, become heated to even 0,000 <legr«*e«, 
to more thau our flames can pnaiuce. The smaller 
bodies must cool ftmr© rapidly as long as they are still 
liquid. The increase in temperature, with the depth, 
is shown in bose-holes and in mines. The existence of 
hot wells and of* volcanic eruptions shows tlinfc in the 
interior of the earth there is a very high tempcnittire, 
which can scarcely be anything than a remnant of flio 
high temperature which prevailed at. the time of its 
production. At.any rate, the atterngts to discover for 
the internal hea£ of the mrth a more reeeat^origin In 
chemical pKxsessos, have hitherto rost^^on very arbi- 
trary assumptions } and, compared with the genenil uni- 
fhrm distribution of the internal heat, are somewhat 
insufiScient. * 

On the other hand, considering the hnp niMWi of 
Jupiter, of Saturn, of Umaus, and of Neptune, their 
sumll density, m well as tl»t the sun, is surprising, 
while the smaller planets and the moon approximate to 
the density of the Muth. We are here reminded of 
the higher iultM temperature, and the slowar eooUs|^ 
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of its rotation, moreover, that it always turns the 
same side towards the earth, is a peculiarity which 
might have been produced hy the friction of a fluid. 
At present no trace of such a one can be perceived. 

Y ou see, thus, by what various ^aths we are con- 
3 2. stantly led to the same 

■ primitijre conditions. 

The hypothesis of Kant 
and Laplace is seen to 
be one of the happiest 
ideas in science, which 
at first iistounds us, and 
then connects us in all 
directions with other dis- 
hy which the 


coveriesj 

conclusions are confirmed until we have confidence in 
them. In this case another circumstance has con- 
tributed — that is, the observation that this process of 
transformation, which the theory in question presup^ 
poses, goes on still, though on a smaller scale, seeing 


* Mr. Zoellner concludes from photometric measurements, which, 
hnWfrver, need confirmation, that Jupiter still possesses a light of its 
owa 
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that all stages of that process can still be found to 
exist. ** 

For as we have already seen, the larger bodies 
which are already formed go on increasing with the 

Fia. 13. 


development of heat, by the attraction of the meteorxo 
masses already diffused in space. Even now the 
smaller bodies are slowly (brawn towards the sim by 
the resistance in space. We still find in the firma^ 
ment of fixed stars, according to Sir J, Herschel’s 
newest |Catalogue, over 5,000 nebulous spots, of which 
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most part a coloured spectrmn of fine bnght liat's, as 
they appear in the spectra of the ignitM gases. The 
nebulas are partly rounded structures, which are tadled 


plmeicefy nebulm{&g. 1?)} soBietiinei wholly Inegular 
in form, as the large nebula in Oriim, represwited in 
fig. 13; they are psurtly annular, as in the figures in 
1%. 14, from the Cures Vermtldl. They ara frar the 
most part feebly Inmfnous over fheir whole surface, 
while the fixed stars only appear as luminous points. 







very 
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suolt a spectrum of a small but bright nebula iu the 
Dragon. Traces of other bright lines are seen along 
with them, and sometimes also, as in fig. 17, traces 
of a continuous spectarum } all of which, however, are 
too feeble to admit of accurate investigation. It must 
be observed here that the light of very feeble objects 
which gdve a continuous spectrum are distributed by 
the spectroscope over a large surface, fnd are there- 
fore greatly enfeeble or even extinguished, while the 


Fio. 17. 



undecomposable light of bright gas lines remains unde- 
composed, and hei^e can sdll be seaa,^ In any ca», 
the decomposition the light df the %ebal» shows 
tdiat by fer the greater pait of thdr lum|aous surface 
is due to ignited gases, of which hydr^en forms a 
prominent oonstatuent. In the pknetmy tnass^ the * 
spherical or disedda^ it might be snppmiA th^ the 
gaseous mass had attaint a condition of equiliWum | 
but most other nebula «ihiWt highly im^ar form% 
which by no means <xwren>ond to such a condition. 
As, howevfflr, their sha|m ha* either not at all altered, 
or not appreciably, since they have been known and 
observed, they must either have vmy little or 
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they must be of colossal 8ii«s and distance. The former 
does not appear very ptobable, because small masses 
very soon give out thwr b^t» and hence we are left 
to the second alternative, that they ture of huge di- 
mensions and distances. The same conclusion had 
been originally drawn by Sir W. Herschel, on the 
assumption that the nebulse were hea]^ of stars. 

With tbo 80 *nebidj© which, besides the lines <rf gases, 
also show thie continuous spectxum d ignited denser 
bodies, are connected spots which are partly irresolv- 
able and ^u^y resolvable into heaps of stars, which 
only show the light of the latter kind. 

The countless luminous stars of the h^venly firma- 
ment, whose number increases with each newer*and 
more perfect telescope, associate themselves with this 
primitive condition of the worlds jis they are formed. 
They are likediw sun in magnitude, in luminosity, and 
on the whol§ sJso in the chemical ^condition of their 
snr&ce, although there may be differences in the quan- 
• tity of indWdaai elements. 

Bat wo find also in space a third stadium, that of 
OKtinct suasj and for this also there are actual evi- 
dea«»s. In the fimt place, there are, in the course of 
history, pretty frequent ©ramples of the appearance of 
new stars. In 1572 Tjrcho Brahe observed such a one, 
which, though gradmdly burning paler, was visible 
Iw two years, stood stiU like a fired star, and finally 
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reverted to the darkness from which it had so suddenly 
emerged. The largest rtf theih all seems to have been 
that observed by Keplrar in the year 1604, which was 
brighter than a star of the first magnitude, and was 
observed from September 27, 1604, until March 1606. 
The reason of its luminosity was probably the collision 
with a smaller world. In a more recent case, in which 
on May 12, 1866, a small star of the tenth magnitude 
in the Corona suddenly bmrst out to ofie of the second 
magnitude, spectarum waalysis showed that it was an 
outburst of ignited hydrogen which prodpcrf the light 
This was only luminous fiw twelve days.* 

In other cases obscure heavenly bodi^ have dis- 
covered themselves by their attraction on adjacent 
bright stars, and Jhe motions of the latter thereby pro- 
duced. Such an ^finance is obserr^ In Sirius and 
Trocyon. J8y means of a new refraSting telescope 
Messrs. Alvan Cl^ke mtd Pond, of Cszpbridg^ U.S., 
bare discov^^d to the mm of Sirius a scarcely visible 
star, which has but little luminosity, but Is dmost' 
seveu times as hesn^y as the sun, has about h a lf ribe 
mass of Sirius, and whose distance from Sirius is about 
equal to that of Neptune from the sun. The satellite 
of Procyon has not yd} been seen $ it Appears to be 
quite dark. 

Thus thare are eritoot suns. The fret that there 
are such lends new weight to the re^mis wh^ per* 
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m. 

mit tis to conclude that our sun also is a body -which 
slo-wly gives out its store of heat, and thus will some 
time become extinct. 

The term of 17,000,000 years which I have given 
may perhaps become considerably prolonged hy the 
gradual abatement of radiation, by the new accretion of 
falling meteors, and by still greater condensation than 
that which I hive assumed in that calculation. But 
we know of no natural process which could spare our 
sun the fete which has manifestly fallen upon other 
suns. This ^ a thought which we only reluctantly 
admit; it seems to us an insult to the beneficent 
Creative Power which we oth^wise find at work in 
organisms ^d especially in living ones. But we nmst 
reconcile ourselves to the thought that, however we 
may consider ourselves to be the^ centre and final 
object of Cr«itfon, we are but as dust on the earth ; 
which a^n ig but a speck of dust in the immensity 
of space; and the previous duration of our race, even 
•if we follow it far beyond our written history, into the 
era of the lake dwellings or of the mammoth, is but 
an instant compared witix the primeval times of our 
planet; when living beings existed upon it, whose 
(Strange and unearthly remmns still gaze at us from 
thdr ancient tombs; and fer more does the duration 
of our race sink into insignificance compared with the 
enormous periods during which worlds have been in 
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process of formation, and will still continne to foi 
when our sun is extinguish^, and our earth is eith 
solidified in cold or is united with the ignited centi 
body of our system. 

But who knows whether the first living inhabitan 
of the warm sea on the young world, whom we oug 
perhaps to honour as our ancestors, would not ha- 
regarded our present cooler condition with as muc 
horror as we look on a world withoutm sun ? Clonside 
ing the wonderful adaptability to the conditions of li 
which all organisnM pimess, who knows |o what degri 
of perfection our posterity will have been developed i 
17,000,000 of ymra, mad whether our fossilised boni 
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whether these bodies, which everywhere swarm through 
space, do not scatter germ^ of life wherever there is a 
new world, which has become capable of giving a dwell- 
ing-place to organic bodies ? And this life we might 
perhaps consider as allied to oms in its primitive 
germ, however different might be the form which it 
would assume in adapting itself to its new dwelling- 
place. 

However this may be, that which most arouses our 
moral feelings at the thought of a future, though pos- 
sibly very remoj^e, cessation of aU living creation on the 
earth, is more particularly the question whether all this 
life is not an aimless sport, which will ultimately fall a 
prey to destruction by brute force ? Under tbe light 
Darwin’s great thought -we begin to se§ that not only 
pleasure and joy, hut also pain, struggl^e, and death, are 
the powerful meins by which nature has built up her 
finer and more, perfect forms of life.^ And we men 
know more particularly that iu our intelligence, our 
cMc order, and our morality we are living on the in- 
heritance which our forefathers have gained for us, and 
that which we acquire in the same way, will in like 
manner ennoble the life of our posterity. Thus the 
individual, who works for the ideal objects of humanity, 
even if in a modest position, and in a limited sphere 
of activity, may bear without fear the thought that the 
thiead of, his own consciousness will one day break. 

“• \ 


o 
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But oven men of such free and large order of minds 
as T/essing and David Strauss could not reconcile them- 
selves to the thought of a final destruction of the 
living race, and with it of all the fruits of all past 
generations. 

As yet we know of no fact, which can be established 
by scientific observation, which would show that the 
finer and complex forms of vital m<!ibion could exist 
otherwise than in the dense material of organic life ; 
that it can propagate itself as the «)und-movement 
of a string can leave its originally nfnrow Mid fixed 
home and diffuse itself in the air, keeping all the time 
its pitch, and the most delicate shade of its colour-tint } 
and that, when it meets another string attuned to it, 
starts this again or ©eoites a flame ready to sing to the 
same tone. Tbf flame even, which, of all proceMes in 
inanimate nature, is the closest ty^ie of Mfe, may 
beccane extinct, but the heat which ijj> produces con- 
tinues to erist— indestrucrible, imperidbable, as an in- 
visible motion, now agitating ttie moleonla of ponder- 
able matter, and then radiating into bomulkM spctt as 
the vibiation of an ether. Even there it retains the 
characteristic pecnliaritiai its origin, and it reveals its 
history to the inquire who qnertlons it hf tbesp^ro- 
soope. United afreA, these rays may ignite a new 
flame, and thu% as fli were, ac^ubd a new bod% 
existence .m. . . ' 
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Just as the flame remains the same in appearance, 
and continues to exist with the same form and struc- 
ture, although it draws every minute fresh combustible 
vapour, and fresh oxygen from the air, into the vortex 
of its ascending current ; and just as the wave goes 
on in unaltered form, and is yet being reconstructed 
every moment from fresh particles of water, so also in 
the living being, it is not the definite mass of substance, 
which now constitutes the body, to which the con- 
tinuance of the individual is attached. For the material 
of the body, likg that of the flame, is subject to con- 
tinuous and comparatively rapid change — a change the 
more rapid, the livelier the activity of the organs in 
question. Some constituents are renewed from day \o 
day, some from month to month, and Qthers only after 
years. That whiph continues to exist as a particular 
individual is like the flame and the wave— ^only the 
form of motion .which continually attracts fresh matter 
into its vortex and expels the old. The observer with 
a"* deaf ear only recognises the vibration of sound 
as long as it is visible and can be ftlt, bound up with 
heavy matter. Are our senses, in reference to life, like 
the deaf ear in this respect ? 
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ADDENDUM, 


The sentences on 193 gave rise to a wntroveraiiil 
attack by Mr. J. 0. F, Zoellaor, in bis Iwok *0n tlio 
Nature of the Comets,' on Sir W. Thomson, on vhich I 
took occasion to express myself briefly in the preface to the 
second part of the German translation of,the ‘ Handbook of 
Theoretical Physios,' by Thomson and Tait, I give h«e tto 
passage in question;— • 

‘ I -will mention here a furtlier objection. It refers to the 
question as to the possibility tl»t oignnio gems may occur 


Meeting of the British AsMoiation in Edinburgh, in Angnst 
1§71, Sir W. Thomson had deBcribod this ai'“not unsclen- 
ti^” Here also, if there is an error, I mmt confess that I 
also am a culpili. I had mentioned the mmo vkw as a 
possible mode of eiq>liiiniii^ the transmission of ot^^isms 
trough space, eran a little before Sir Thomson, in a 
leotoie delivered in ^ spring of the same year at Heidoi- 


world to anothor, and have devdopod themsdvss irbwovw 
they found a fhvonrable sdl, 

‘ Mr. Zoellna^s so>i»dled phyaloal ol^ectlons are but ot 
very small weight. He recedls the history of moteori© stone, 
and adds (p.xxvi); ‘Hf,th«aafore,timt me<®oriest<m<»<»w^ 
with organisms had escaped with a whole skin in'the smash- 
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up of its mother-body, and had not shared the geneml rise 
of temperature, it must necessarily have first passed through 
the atmosphere of the earth, before it could deliver itself of 
its organisms for the purpose of peopling the earth.” 

^ Kow, in the first place, we know frorn repeated observa- 
tions that the larger meteoric stones only become heated in 
their outside layer during their fall through the atmosphere, 
while the interior is cold, or even very cold. Hence all 
germs which ther^ might be in the crevices would be safe 
from combustion in the earth’s atmosphere. But even those 
germs which were collected on the surfaoe when they reached 
the highest and most attenuated layer of the atmosphere would 
long lifore have been blown away by the powerful draught 
of air, before the»tone reached the denser parts of the gaseous 
mass, where the compression would be sufficient to produce 
an appreciable heat. And, on the other hand, as far as the 
impact of tw» bodies is concerned, as Thomson assumes, 
the first consequences would be powerful mechanical motions, 
and only in the degi*ee in which this woul(^ be destroyed by 
friction would heat be produced. We do not know whether 
that would last foiC hovirs, for days, or for*weeka. The fimg- 
ments, which at the first moment were scattered with planet- 
ary velocity, might escape without any Reengagement of 
heat. I consider it even not improhable, that a stone, or 
sl^ower of stones, flying through the higher regions of the 
atmosphere of a celestial body, carries with it a mass of air 
which contains unbumed germs. 

‘As I have already remarked I am not inclined to surest 
that all these possibilities are probabilities. They are ques- 
tions the eadstenoe and signification of which we must ire- 
member, in order that if the case arise they may be solved 
actual observations or by conclusions therefrom.* 
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Jn Address delivered Avgust 2, 1877, on the Anniversary of 
the Foundation of the Institute for the Education of 
* Army Surgeons. 


It is no\r thirty-five years since, on the 2nd Angusf, I 
stood on the rostrum in the Hall of thisjnstitnte, before 
another such audience as this, and i^ead a paper on 
the operation of Venal Tumours. I was then a pupil of 
this Institution^ and was just at the e^d of my studies. 
I had never seen a tumour cut, and the subject-matter 
of my lecture was merely compiled from books ; but 
book knowledge played at that tiifie a far wider and 
a fer more influential part in medicine than we are at 
present disposed to assign to it. It was a period of 
fermentation, of the fight between learned tradition and 
the new qiirit of natural science, which would have 
no more of tradition, but wished to depend upon 
individnal emerience. The authorities at that time 
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judged more favourably of my Essay than I did myself, 
and I still possess the books which were awarded to me 
as the prize. 

The recollections which crowd in upon me on this 
occasion have brought vividly before my mind a picture 
of the then condition of our science, of our endeavours 
and of our hopes, and have l«i me to wmpare the 
past state of things with that into which it has de- 
veloped. ]\Iuch indeed has been Mcomplished. 

Although all that wo hoped for has not been ful- 
filled, and many things have turned out<differently from 
what wo wished, yet we have gainotl much for which we 
could not have dared to hope. Jurti af the history 
of the world has made one df its few giant 
before our ey^, so also has our science | hence an oM 
student, like myself, 8<»fcely woognises the somewhat 
matronIy.aspect of Ihime M^leine, when he accident- 
ally comes again in relation to her, m vlgorons and 
so capable of growth has she become in the fouotdn of 
youth of the IfattiMd Sciences. 

I may, perhap, retdn the impnwsbn of this an- 
tagonism, more fteihly than those of my oostemponries 
whom 1 have the honour to see aasetubled before me ; 
and who, having rcHnal»«4 permaneniiy fmanected with 
science and pracUee, have been less struck md less 
surprised hy great chmiges, taMng place as they do by 
stow steps, Ihis must be my excuse iptekitii to 
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you about tbe metamorphosis •which has taken place in 
medicine during this period, and with the results of 
whose development you are better acquainted than I 
am. I should like the impression of this development 
and of its causes not to be quite lost on the -younger of 
my hearers. They have no special incentive for con- 
Bolting the literature of that period; they would meet 
with principles* which appear as if written in a lost 
tongue, so that if is by no means easy for us to transfer 
ourselves into the mode of thought of a period wMch 
is so far behind us. The course of development of 
medicine is an instructive lesson on the true principles 
of scientific inquiry, and the positive part of this 
lesson has, perhaps, in no previous time been so im- 
pressively taught as in the last gener^ion. 

The task feljs to me, of teachiug^hat branch of the 
natural sciences which has to make the widest gene- 
ralisations, and has to discuss the meaning of fonda^ 
ideas; and which has, on that account, been 
hot unfitly termed Natural Philosophy by the English-; 
speaking peoples. Hence it does dbt fall too fax out of 
the range of my official duties and of my own studies, if I 
attempt to discourse here of the principles of scientific 
method, in reference to the sciences of experience. 

As regards my acquaintance ■with the tone of 
thought of the older medicine, independently of the 
general* obligation, incumbent on evrary educated 

I ' ' ■ ' ■ ’ 
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physician, of understanding Uie literature of his ndmm 
and direction as veil 'as conditions ot its 
progress, tihere vas in my case a spwial iacentiTO. In 
my first professorahip at Konij^berg, fi»m the y^ 
1849 to 1856, 1 had to lectiure muter on genaml 
patholc^ — that is, on that part of the subj^ which 
, contains the general theoreticdi ooncepthms of the 

f" 

nature of disease, smd of the principles of its twatment, 
Oeneral pathology van regarded ' by our eiders as 
the Mrest blossom of medicd science. But is &ct, 
that which foncned essence pomesses^only historical 
interest for the disdples oi modem natural sdenoe. 

Bitmy oi my predecessors have broken,, a toace fi»r 
the'sdentifio defence of this essence, and more especially 
Henie and Lots. « The latter, vhoee starting-pdnt was 
also medidne, had> is his general petholcgy and thera- 
penti<», aipcanged it very Uroroughly and methodically 
and with great critiml acumen* «* 

My own oa^inal incUnation vas towards {hysimi 
Actemal dxcumstances oompelled me to eMam«Et<^ the 
study of medidne,'wMcb was made posdhle to me 
the liberal arrangements d Utis Inditutimi, It had, 
however, bemt the oodom d a foma^ ihae to (smhine 
the study medidne with t^ of tike Htdwal SdesMi, 
and whatever In this was cmnpoljmry 1 most oonste 
idrttmatei not mmely that 1 entered medidne at a 
time ha which any oae who was even modeiltely at 
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^010-6 in physical considerations found a fruitful vir- 
gin soil for cultivation; W l consider the study of 
inedicine to have been that training \rhieh preached 
more impressively and more convincingly than any 
other could have done, the everlasting principles of all 
scientific -work; principles which are so simple and yet 
are ever for^tten again; so clear and yet always hidden 
by a deceptive veil. 

Perhaps only* he can appreciate the immense im- 
portance and the fearful practical scope of the problems 
of medical i^ry, who has watched the fading eye of 
approaching death, and witnessed the distracted grief 
of affection, and who has asked himself the solemn 
quesUons, Has all been done which could be done to 
ward off the dread event ? Have all the resources and 
all the means vshich Science has accumulated become 

exhausted? • 

Provided ttiat he remains undistnjrbed in his study, 
the purely theoretical inquirer may smile with calm 
‘contempt when, for a time, vanity and conceit seek 
to swell themselves in science an^ stir up a commo- 
tion. Or he may consider ancient prejudices to be 
interesting and pardonable, as remains of poetic ro- 
mance, or of youthful enthusiasm. To one who has to 
contend with the hostile forces of feet, indifference 
and romance disappear; that which he knows and cm 
do, is Exposed to severe tests; he can only use the 
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hard and clear light of facfci, and mait gitre ap the Botitefl 
of lulling himself in agrceabre illueioas, 

I rejoice, therefcwe, that I can aa(» more Midrew 
an aasembly consisting alm<«t exclmiyely of mecUeal 
men who have gome throagh tihettme sehool, Mcdieine 
was once the imfcellectaal home in which I grow up, amd 

even the emigrant beat undantandi and k but ante- 

# 

stood by his native land. 

If I am called upon to designate In one wok! tlo 
fundamental error of that fonmfr time, I ahould he In- 
clined to say that it panned a false id^ of soienee in 
a one-sided and erroneons reverence fhr the dednctit# 
method. Medioioe, it hi tma, was not the |>alj science 
whfeh was involved la ftia error, hat in im other 
soience have theponseqaenoea been w> glaring, at have 
so hindered pn^ss, as in medicine, , The history of 
this soienm oUms, therefore, a special interest in the 
histoty of die development of the hninan mind, Hone 
oth^ is, perhap, more fitted to i4<ow th^ a tme 
critieism of the wnrces of cognition is sdso piaef 
ticaUy wi 0 xceediii|ly important oljjeet of tnie i^ilo- 
sophy. 

The proud word of Hippdkmtes, 

* Godlike is the phyrieton who is a ^ilonopher,* leaved, 
as it were, as a bsaaer <rff tte old dedneUve madWBe. 

, We may admit this if only W8cwtc» Bgyea flat Wit 
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are to understand as a pMlosoplier. For the ancients, 
philosophy embraced all theoretical knowledge ; their 
philosophers pursued Mathematics, Physics, Astronomy, 
Natural History, in close connection with true philo- 
sophical or metaphysical considerations. If, therefore, 
we are to understand the medical philosopher of Hip- 
pokrates to be a man who has a peTfected insight into 
the causal connection of natural processes, we shall in 
fact be able to gpay with Hippokrates, Such a one can 
give help like a god. 

UnderstoocJ in this sense, the aphorism describes 
in three words the ideal which our science has to strive 
after. But who can allege that it will ever attain 
this ideal ? 

But those disciples of medicine who thought them- 
selves divine even in their own Hfetime, and who 
wished to impo^ themselves upon others as such, were 
not inclined tfi postpone their hopes for so long a 
period. The requirements for the ^i,\6<ro<pos were 
aonsiderably moderated. Every adherent of any given 
cosmological system, in which, for well ox m, facts 
must be made to correspond with reality, felt himself to 
be a philosopher. The philosophers of that time knew 
little more of the laws of Nature than the unlearned 
layman; but tbe stress of their endeavours was laid upon 
thinking, upon the logical consequence and complete- 
ness of (the system. It is not difficult to understand 
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tow in periods of youthful development, such & one- 
sided over-estimate of thought could be wrrived at. 
The superiority of man over animals, of the scholar 
over the barbarian, depends upon thinking; seamtion, 
feeling, perception, on the contrary, he shaxM with his 
lower fellow-creatuTM, and in acuteness of rite sensM 
many of these are even supwior to him. Thirt mim 
strives to develop his thinking feculCy to the utmost 
is a problem on the solution of which the feeling df 
his own dignity, as well as of bis own piacriml power, 
depends ; and it is a natural «nm to ^ve oonsidered 
unimportant the dowry of mental wpaeitles which 
nature had given to animali, and to have bdievwl ritat 
thought could be liberated from its natimd basi^ 
observatiou and percei^on, to b^n its loariaa flight 
oJ md.ph7.1«l'.5[»ral.tl(«. 

It is, in &(it, no easy problem t& aseertein oom» 
j^etd^ ike origins of our knowIei%e.. An emntnoits 
amount is irausmitted by speech and writing* This 
power which man possesses d gathering t^ethrw th» 
stores of knowlsrige of generarions, is the chief rmscm 
of his superimity ov«r rite animal, who is restricted 
to mi inherited blind instinct Mid to Its individnal 
experienee. But aU tranmnitted knowledge is handed 
on already toned f whrnice the repmtMr has derived 
it, (ft how much eritirism he has best«rw«l upon it, 
can seMom be made out, especially if tim tradlttohas 
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Jjcen handed down through several generations. We 
must admit it all upon g^od faith ; we cannot arrive 
at the source ; and when many generations have con- 
teuted themselves with such knowledge, have brought 
no mriticism to bear upon it ; have, indeed, gradually 
added all kinds of small alterations, which ultimately 
grew up to large ones — after all this, strange things are 
often reported «nd believed under the authority oi 
primeval wisdom^ A curious case of this kind is the 
history of the circulation of the blood, of which we 
shall still have to speak. ’ 

But another, kind of tradition by speech, which 
long remained undetected, is even stiU more confusing 
for one who* reflects upon the origin of knowledge. 
Speech cannot readily develop names for classes of 
obj ects or for classes of processes, if we have not been ac- 
customed very oJben to mention together the correspond- 
ing individuals, things, and separate cases, anJl to assert 
what there is* in common about them. They must, 
therefore, possess many points in common. Or if we, 
reflecting scientifically upon this, select some of these 
characteristics, and collate them to form a definition, 
the common possession of these selected characteristics 
must necessitate that in the given cases a great nuni- 
ber of other characteristics are to be r^nlarly met 
with ; there must be a natural connection between the 
first and,the last-named characteristics. If, for instance. 
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WQ assign tlie name of mammals to those animals which, 
when young, are suckled hjj their mothers, we can 
assert further, in reference to them, that they are all 
warm-blooded animals, born alive, that they have a 
spinal column but no quadrate bone, breathe through 
lungs, Lave separate divisions of the heart, &c. Hence 
the fact, that in the speech of an intelligent observing 
people a certain class of things are included in one 
name, indicates that these things or ^ases fall under a 
common natural relationship ; by this alone a host of 
experiences are transmitted from preceding generations 
without this appearing to be the case. ^ ^ 

The adult, moreover, when he begins to reflect upon 
thg origin of his knowledge, is in possession of a huge 
mass of every-day experiences, which in great part 
reach back to "the obscurity of his jSrst childhood* 
Everything indmdual has long been forgotten, but 
the simiKir traces which the daily repetition of 
cases has left in his memory have deeply engraved 
themselves, And since only that which is in con- 
formity with law always repeated with regularity, 
these deeply impressed remains of all previous con«f 
ceptions are just the conceptions of what is conform- 
able to law in the things and processes. 

Thus man, when he begins to reflect, finds that he 
possesses a wide range of acquirements of which he 
knows not whence they came, which he has possessed 
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as long as lie can remember. We need not refer even 
to tbe possibility of inheritance by procreation. 

The conceptions which he has formed, which his 
mother tongue has transmitted, assert themselves as 
regulative powers, even in the objective world of fact, 
and as he does not know that he or his forefathers have 
developed these conceptions from the things them- 
selves, the world t)f facts seems to him, like his con- 
ceptions, to be g<^vemed by intellectual forces. We 
recognise this psychological anthropomorphism, from 
the Idexia of Plato, to the immanent dialectic of the 
cosmical process of Hegel, and to the unconscious will 
of Schopenhauer. 

Natural science, which in former times was virtually 
identical with medicine, followed the path of philoso- 
phy ; the deductive method seemed to be capable of 
doing everything.* Socrates, it is true, had developed 
the inductive ^conception in the most instructive 
manner. But the best which he accomplished remamed 
viifcually misunderstood. 

I will not lead yoli through the i]|otley confusion of 
pathological theories which, according to the varying 
inclination of their authors, sprouted up in consequence 
of this or the other increase of natural knowledge, and 
were mostly put forth by physicians, who obtained 
fanae and renown as great observers and empirics, inde- 
pendently of their theories. . Then came the less gifted 
II. 
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pupils, who copied their master, exaggerated his theory, 
made it more one-sided tand more logical, without 
regard to any discordance with Nature* The more 
rigid the system, the fewer and the more thorough 
were the methods to which the healing art was re-p 
stricted. The more the schools were driven into a 
corner by the increase in actual knowledge, the more 
did they depend upon the ancient ai^horities, and the 
more intolerant were they against© innovation* The 
great reformer of anatomy, Yesalius, was cited before 
the Theological faculty of Salamancaj Servetus was 
burned at G-eneva along with his book, in which he 
described the circulation of the lungs 5 and the Paris 
foculty prohibited the teaching of Harvey’s doctrine of 
the circulation of the blood in its lecture rooms. 

At the same time the bases of the systems fron^ 
which these schools started were Mostly views on 
natural "^science which it would have been quite right 
to utilise witfiin a narrow circle. What was not 
right was the delusion that it was more scientific#*to 
refer all diseases^to one kind of explanation, than to 
several. What was called the solidar pathology wanted to 
deduce everything from the altered mechanism of the 
solid parts, especially from their altered tension ; from 
the atrictum and Icummy from tone and want of tone, 
and afterwards from strained or relaxed nerves and from 
l^bstructions in the vessels. Humoral pathology was 
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only acquainted with alterations in mixture. The four 
cardinal fluids, representatifes of the classical four 
elements, blood, phlegm, black and yellow gall; with 
otihers, the acrimonies or dyscrasies, which had to be 
expelled by sweating and purging; in the beginning of 
onr modern epoch, the acids and alkalies or the alchy- 
mistic spirits, and the occult qualities of the substances 
assimilated — all these were the elements of this chem- 
istry. Along with these were found all kinds of phy- 
siological conceptions, some of which contained remark- 
able foreshadowi^^gs, such as the sficf^vrov Bspiiovy the 
inherent vital forcS of Hippokrates, which is kept up 
by nutritive substances, this again boils in the stomach 
and is the source of aU motion; here the thread is 
begun to be spun which subsequently led a physician 
t>o the law of the cqnservation of force. ^ On the other 
band, the Tn/gv/^^^/which is half spirit and hdf air, 
which can be driven from the lungs in|o the arteries 
and fills them, has produced much confusion. The 
fact^that air is generally found in the arteries of 
dead bodies, which indeed only pefietrates in the 
moment in which the vessels are cut, led the ancients 
-fco the belief that air is also present in the arteries 
diiring life. The veins only remained then in which 
blood could circulate. It was believed to be formed 
fn the liver, to move from there to the heart, and 
t^brough the veins to the organs. Any careful ob- 

? I 
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serration of the operation of blood-letting must have 
taught that, in the veins, •it comes from the periphery, 
and flows towards the heart. But this false theory 
had become so mixed up with the explanation of fever 
and of inflammation, that it acquired the authority of 
a dogma, which it was dangerous to attack. 

Yet the essential and fundamental error of this 
system was, and stiU continued to Bh, the Ms© kind of 
logical conclusion to which it was supposed to l«id j 
the conception that it must be possible to build a 
complete system which would embraqp all forms of dis- 
ease, and their cure, upon any one such simple ezpluia- 
tion. Complete knowledge of the cunsal connection of 
hue clasB of ph^cnnmia gives finally a logi<»l ccdierent 
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the principle from which it is deduced; and that each 
new induction must in the fitst place be a new test, by 
esperience, of its own bases. That a conclusion is de- 
duced by the strictest logical method from an uncertain 
premiss does not give it a hair’s breadth of certainty 
or of value. 

One characteristic of the schools which built up 
tteir system on such hypotheses, which they assumed 
as dogmas, is the in1?olerance of expression which I have 
already partially mentioned. One who works upon a well- 
ascertained foun(^tion may readily admit an error ; he 
loses, by so doing, Nothing more than that in which he 
erred. If, however, the starting-point has been placed 
upon a hypothesis, which either appears guaranteed by 
authority, or is only chosen because it agrees with that 
which it is wished |iO believe true, any grack may then 
hopelessly destroy the whole fabric of conviction. The 
eoilvinced disciptes must therefore claim for each 
individual part of such a fabric the same degree of 
infallibility; for the anatomy of Hippokrates just as 
much as for fever crises; every oppdhent must only 
appear then as stupid or depraved, and the dispute will 
thus, according to old precedent, be so much the more 
passionate and personal, the more uncertain is the basis 
which is defended. We have frequent opportunities 
of confirming these general rules in the schools of 
dogroatie dfeductive medicine. They turned their iur 





forms of disease. This method, vhich in its essence is 
completelyjusfcified, had, in the eyes of systeiaatists, 
the defect of being illogical. And yet the greatest 
physicians and obserrera, Hippokrates at the head, 
Aretffius, Galen, Sydedh^a, and Boerhaave, had become 
eclectics, or at any late very lax syslematists. 

About the time when we senSirs commenced the 
study of medicine, it was still under the influence of 
the important discoveries which Albreeht von Haller had 
made on the excitability of nerves;* and which he had 
placed in connection with the vitalist^ theory the 
nature of Ufe. Haller had observed the exdtaMUty in 
the narvea and musdies of aafmtated mmbere. The 
nwwt fiuT|»d®lii|r tihhag to hhn was, tliat the mort varied 
extend actions, medhaniMi, dhmieal, thermal, to 
which eleotrioal ones were aubseqoently added, had 
always the s^mie r@mlt| namely, that they produced 
musenlar oonboMition. They were only qoantitalSvely 
distingiddhed aS r^;ard8 thdr action on Hie organinn, 
that is, only ly the strei^^ of tibe wfltation; he 
derignated them by the oommou name (d itimulmt 
he called the alt«^ <»ndition of the nerve the exd- 
tatim, and its lapacity of responding to a stimnloi 
the mAtabilUf, which was lost at death. This entire 
oonditi(«i of thinp, which i^yrioally spealdng Miiris 
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no more than that the nerves, as concerns the changes 
which take place in themT after excitation, are in an 
exceedingly unstable state of equilibrium ; this was 
looked upon as the fundamental property of animal 
life, and was unhesitatingly transferred to the other 
organs and tissues of the body, for which there was no 
similar justification. It was believed that none of 
them were active of themselves, but must receive an 
impulse by a stimBilus from without; air and nourish- 
ment were considered to be the normal stimuli# The 
Idnd of activity seemed, on the contrary, to be con- 
ditioned by the sj)ecific energy of the organ, under the 
influence of the vital force. Increase or diminution 
of the excitability was the category under which the 
whole of the acute diseases were referred, and from 
which indication^ were taken as to ^ether the treat- 
ment should be’ lowering or stimulating. The rigid 
one-sidedness and the unrelenting logic with which 
Eobert Brown had once worked out this system was 
bfbken, but it always furnished the leading points of 

view# • 

The vital force had formerly lodged as ethereal 
spirit j as a Pneuma in the arteries; it had then with^ 
Paracelsus acquired the form of an Archeus, a kind 
of useful Kobold, or indwelling alchymist, and had 
acquired its clearest scientific position as ‘ soul of 
life,’ cmvhfiCL insdo^f in Georg Ernst Stahl, who, in 
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the first half of the last century, was professor of 
chemistry and pathology in' Hallo. Stahl ha<l a clear 
and acute -mind, which is informing and stimulating, 
from the way in which he states the proper question, 
eveh in those cases in which ho decides against our pre- 
sent views. He it is who established the first compre- 
hensive system of chemistiy, that of phli^ston. If we 
translate his phlogiston into latent heat, the theoretical 
bases of his system passed essentialfy into the system 
of I.avoi8ier ; Stahl did not then know oxygen, which 
occasioned some felse hypotheses } for kstanee, on the 
negative gravity of phlogiston. Stahl’s ‘soul of life’ 
is, on the whole, constructed on the |®t^rn ©n which 
thi pietistio communities of that period represented to 
themselves the. sinful human soulj it is subject to 


it, or th®tt inc?i© it, <«f punish it, and oompel it to 


them full play or to restrain them. After death the 
restrained forces become free, and evdk® putrefaction 
and decomprwition. For the refutation of tSis bypo« 
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Attria of Unding and looting, it urns nMeara^ to dis - 
fovi-r th« law of th@ eoaidnfation of forco. 

The teMod half of the previom oentuiy was too 
aiBch posawsued by the principles of mtionalism to recog- 
nise opniy Btahl’s *soal of life.’ It was presented 
more sdentaheally m riial force, ¥%$ viiaM»t while in 
the nmiR it retained ita funcUona, and nndar the name 
of * Katnre’s h«^teg power * It pkyed a prominent part 
in the ireatmen^of diswMR. 

The doctaiae of vital force catered into the pethO' 
logiml systant^pf ehaagim in hrritaUUty. The attempt 
wm ma de to M^biale the direct actions of the vims 
which |wodi|i« dliMse, in so iur as they depended on 
the play of Wind wdnral forc^ the sympUmata 
itmm those which hmnght oa the r^^on of dtal fUce, 
the tfmptummtfii rmtetionu. The letter were prind- 
ptlly seen in inflammaUon and in fevar. It was the 
function d the phyridaa to oUier?g,the strength of 
this rtactJon, and to stimnlata or moderate it accxwd- 
iflg to drenmutafiCM. 

The trffldjacnt of fever seemed It that time to he 
the chief point | to be th#d part d medidne which had a' 
real sdentifi© foiinjhdJoii, and in whidbt the local treat-' 
ment fell imperatively into the backgn>und. The the- 
rapentita of febrile dlst^ws had thfflrehy becawne very 
monotimomf, sdthtaigh the mMnt indicated ly theory 
were abwatkntly iitod, wad mpetMfy Uood-lettiBg, 
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wMch Since that time has almost been entirely abah-^ 
doned. Therapeutics became'still more impoverished as 
the younger and more critical generation grew up, and 
tested the assumptions of that which was considered to 
be scientific. Among the younger generation were 
many who, in despair as to their science, had almost 
entirely given up therapeutics, or on principle had 
grasped at an empiricism such as Eademacher then 
taught, which regarded any expectation of a scientific 
explanation as a vain hope. 

What we learned at that time were ^nly the ruin^ 
of the older dogmatism, but their doubtful features 
soon manifested themselves. 

r' 

•The vitalistio physician considered that the* essen- 
tial part of the yital processes did not depend npon 
natural forces, w^ch, doing their Tifork "with Wind 
necessity and according to a fixed la^r, 'determined the 
result. What these forces corild do appeared quite 
subordinate, 'and scarcely •worthy of a minute study. 
He thought that he had to deal -with a soul-like hein^, 
to which a thinkefj a philosopher, and an intelligent 
man must he opposed, lilay I elucidate this by a few 
outlines ? 

At this time auscultation and percnssion of the 
organs of the chest were being regularly practised in 
the cHnical -wards. But I have often heard it main- 
tained that they were a coarse mechanical means of 
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investigation wMcli a physician with a clear mental 
vision did not need ; and it indeed lovrered and debased 
the patient, who was anyhow a human being, by treat- 
ing him as a machine. To feel the pulse seemed the 
most direct method of learning the mode of action of 
the vital force, and it was practised, thereftae^ as by far 
the most important means of investigation. To count 
with a repeater was quite usual, but seemed to the 
old gentlemen fts a method not quite in good taste. 
There was, as yet, no idea of measuring temperature in 
cases of disease. In reference to the ophthalmoscope, a 
celebrated surreal colleague said to me that he would 
never use ^e instrument, it was too dangerous to admit 
crudelight into diseased eyes ; another said the ndrror 
might be useful for physicians with Ijad eyes, his, how- 
QYQYy Were good, and he did not ne^d itt 

A professor of physiology of that time,^ celebrated 
for his literary activity, and noted ^ as an orator and 
intelligent man, had a dispute on the images in the eye 
■frith his colleague the physicist. The latter challenged 
the physiologist to visit him and*witness the experi- 
ment. The physiologist, however, refused his request 
With indignation ; alleging that a physiologist had 
nothing to do with experiments j they were of no good 
but for the physicist. Another aged and learned pro- 
fessor of therapeutics, who occupied himself much with, 
the reo1:ganisation of the Universities, was urgent with 
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me to divide physiology, in order to restore the good 
old time} that I myself shoidd lecture on the really 
intellectual part, and should hand over the lower 
experimental part to a colleague whom he reg^ded as 
good enough for the purpose. He quite give me ap 
when I said that I myself considered experiments to 
be the tnie basis of science. 

I mention these points, which I niyself have ex- 
perienced, to elucidate the feeling of the older schools, 
and indeed of the m(«st illustrious representatives of 
medical science, in reference to the pi^grcssive set 
of ideas of the natural scien<^8} in Kterature these 




051 THOIWHT IS MEDICISE. 221 

in anatoinicdi diMMtkms m grmt m«aM of aducatioa 
for mciependent ob»Brvati«B, whiob k wantiag in the 
other faenitiei, and to which I ana disposed to attach 
gr«it weight. Micro^pic demonatimtiom ware ieo- 
kted and infrequent la the lecture*. Microscopio 
iastramento were coatly and naairee. I came into pos- 
awsioa of «ia by havit^ spent my aatnma ’motion 
in 1841 in thellmrito, prostnded typhoid forwi a* 
pupil* I wn* nursed without expenw* and on my re- 
covery I found myself in possesidoo of the savings of 
my small resources* The instmment was not toatifnl, 
yet I was abte 40 reoogaise by its m«ii» the ptolooga^ 
tions of the gaagUtmic cells in the invertobrida, which 
I destwihwf to my diewrtatiwa, and to tovwtigat®* the 
flbrioos in my resea«^ on putrofimtion and ferment*- 
tfon. 

Mf 0f ftllOTr*itiid«ti who wliliii to 

esporiments ^ to do so al the of fits pocket- 
Bwqr. One we Iwmed thereby, which the 
jwuager generatlaa does perhaps, Icam so wdi to 
the kbor8tori«8---thiid is, to ooniddsr to all directioHS 
the ways and mtaiwi of iMttalning toe eiid, and to #*• 
haw* all pwadWIitJes, to the cOTsWeraUon, natil a pmc- 
toablo pth was found. We had, it is true, an almost 
uucuitivat^ ieM brfbie in which almo* ever/ 
stroke Hi the spade might iwoduce remi»«*ive results. 

It #M <«e tom more ^qpecfelly who aroused our 
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enthusiasm for -work in the right direction — ^that is, 
Johannes Muller, the physiologist. In his theoretical 
views he fevoured the vitalistic hypothesis, but in the 
most essential points he was a natural philosopher, firm 
and immovable} for him, all theories were but hy- 
potheses, which had to be tested by facts, and about 
which facts could alone decide. Even the views upon 
those points which most ^i^y crystall^e into dogmas, 
on the mode of activity of the vital f<nc» and the activity 
of the conscious soul, he tried conrinually to define more 
precisely, to prove or to refute by means ^f fiwjts, 

.And, although the art of anatomic^ investigarion was 
most familiar to him, and he therefore reoturol most 
wilHbigly to tMs, yet he worked hinuMdf into the obemi^ 
and physical met^iods whidi were more fi^e^n to him* 
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lergies lie not only established the general la^r, but 
rried out a great number of separate investigations, to 
iminate objections, and to refute Mse indications and 
•asions. That which hitherto had been imagined from 
le data of every-day experience, and which had been 
ught to be expressed in a vague manner, in which the 
ue was mixed up with the false ; or which had just 
len establisheckfor individual branches, such as by Dr. 
bung for the theory of colours, or by Sir Charles Dell 
ir the motor nerves, that emerged from Muller’s hands 
1 a state of classical perfection — a scientific achieve^ 
lent whose value I inclined to consider as eijual to 
lat of the discovery of the law of gravitation. 

His.sciefitific tendency, and more especially his ex- 
mple, were continued in his pupils. We had been 
receded by Schwann, Henle, Eeichert, Peters, Eemah ; 
met as fellow-students E. Du Bois-^eymond, Virchow, 
Iriicke, Ludwig, Traube, J. Meyer, lieberkilhn, Hall- 
(lann • we were succeeded by A. von Gftraefe, W . Busch, 
i!|^ Schultze, A. Schneider, 

Microscopic and pathological anatomy, the study of 
irganic types, physiology, experimental pathology and 
herapeutics, ophthalmology, developed themselves in 
xerinany under the influence of this powerful impulse 
ar beyond the standard of rival adjacent countries, 
rhiswas helped the labours of those of similar 
;en iencies among Muller’s contemporaries, among whom 
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the three brothers Weber of Leipzig must first of all be 
mentioned, who have built solid foundations in the 
mechanism of the circulation, of the muscles, of the 
joints, and of the ear. 

The attack was made wherever a way could be 
perceived of understanding one of the vital processes ; 
it was assumed that they could be understood, and 
success justified this aMumption. -A delicate and 
copious technical apparatus has been ^developed in the 
methods of microscopy, of physiology*®! chemistry, and 
of vivisection ; the latter greatly fimilitated more par- 
ticularly by the use of anrosthetio etihen and of the |wra- 


auricular speculum, thtf laryngoscope, nervous irritatltai 
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tfj achieve by toilsome labour, hypotheses will be started 
which, propounded as dogmas, at once promise to 
solve all riddles. And as long as there are people who 
believe implicitly in that which they wish to be true, 
so long will the hypotheses of the former find credence. 
Both classes will certainly not die out, and to the latter 
the majority will always belong. 

There are two characteristics more particularly 
which metaphysieal systems have always possessed. 
In the first place man is always desirous of feeling 
himself to be ajpeing of a higher order, far beyond the 
standard of the re*st of nature ; this wish is satisfied by 
the spiritualists. On the other hand, he wotdd like 
to believe that by his thought he was unrestrained 
lord of the world, and of course by his thinking with 
those conceptions, to the developm^t of which he 
has attained; this is attempted to be satisfied by the 
materialists. • «• 

But one who, like the physician, has actively to face 
nateral forces which bring about weal or woe, is also 
under the obligation of seeking fol a knowledge of 
the truth, and of the truth only ; without considering 
whether, what he finds, is pleasant in one way or the 
other. His fliTn is one which is firmly settled ; for him 
the success of facts is alone filnally decisive. He must 
endeavour to ascertain beforehand, what will be the 
result of &is attack if he pursues this or that course, 
n. 
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In order to acquire this foreknowledge of what is 
coming, bnt of what has not been 8ct»I«*<l by obwr- 
vations, no other method is possible tlian that of 
endeavouring to arrive at the hiws of facts by ubservn- 
tions; and we can only learn them by induction, by the 
careful selection, collation, and observation «tf tlM»m*ctis«*s 
which fall under the law. When we fancy that w« Imvo 
arrived at a law, the business of deduction commences. 
It is then our duty to develop the consequences of our 
law as compicitely as may be, but in the first plaM only 
to apply to them the test of experience^ so far m they 
can he tested, and then to deciik? by 'i his test whether 
the law holds, and to what extent. This is a test 


of probability that It l» piaetkally equal to 


of Socrates, the prime roaster of inductive defia!tl««, 
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did not know, and he at any rate had the advantage 
of not pretending to know what he did not know.^ 
And again, he was surprised at its not being clear to 
them that it is not possible for men to discover such 
things ; since even those who most prided themselves 
on the speeches made on the matter, did not agree 
among themselves, but behaved to each other like 
madmen (^rols (juatvo/juivoL^ ofiolcd^m^ Socrates calls 
them Tovs iMiyuarov (j^povovvras^ Schopenhauer ® calls 
himself a Mont Blanc, bv the side of a Tnole-'hejrm. 


* Xenoplioii, Mmixordbil. L i. 11, 

^ Artimr Sfhopeiihauex, Yon, iTvm^ iiher ih/n von JE^a/u&nstiidt itnd 
Vindner. Berlin, ISSS, p. 663. 

Qi2^ 



Heiiee all those aspire after it who wish to p»i m 
the favoured children of genius. It wwnis, f<M», 
easy, so free from trouble, to get by sudiieii mental 
flashes an unnttainablo advantage over our eontem- 
poraries. The true artist and the true inquirer knows 
that great works can only he proclnojcl by Itanl work. 
The proof that the idoaa fonnetl do not merely scrape 


iflance into the eonneetion''of the whole, «n 


eeptioM. * 

To ind euperficial reimmWanecs is easy; it i» 
amuiing in wfety, and witty thoaghti'mwn proonm for 


priority for the disooweiyi if otherwiiw, a lucky 
oblivion conceals the &ise eondusiws. The wihercnts 
of such a process are to certify the valu|) of a fir^t 
thought. CoQsdentiotui woricer* who are sity at briug* 
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ing their thoughts before the public before they have 
tested them in all directions, solved all doubts, and 
have firmly established the proof, these are at a decided 
disadvantage. To settle the present kind of questions 
of priority, only by the date of their first publication, 
and without considering the ripeness of the research, 
has seriously favoured this mischief. 

In the ^ type*case ’ of the printer all the wisdom of 
the world is conifiined which has been or can be dis^ 
covered ; it is only requisite to know how the letters 
are to be arranged. So also, in the hundreds of books 
and pamphlets \\^ich are every year published about 
ether, the structure of atoms, the theory of perception, 
as well • as on the nature of the asthenic fever and 

carcinoma, all the most refined shades of possible hy- 

• • 

potheses are exl^usted, and among ^hese there must 
necessarily be inany fragments of the correct theory. 
But who knows* how to find them ? . 

I insist upon this in order to make clear to you that 
allHhis literature, of untried and unconfirmed hypo- 
theses, has no value in the progress ®f science. On the 
contrary, the few sound ideas which they may contain 
are concealed by the rubbish of the rest ; and one who 
wants to publish something really new — facts — sees 
himself open to the danger of countless claims of 
priority, unless he is prepared to waste time and power 
in reading beforehand a quantity of absolutely useless 


i 
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Iwoks, and to destroy hifi readers’ patience by a m alt if tide 
of useless quotations. 

Our generation has had to suffer under tin* tyranny 
of spiritualistic metaphysics; the newer generation will 
probably have to guard aguinst that of tlie niateriiiliKlie 
hypotheses. Kant’s ntjin.'tion of the claims of pure 
thought has gnMlunlly iiiatie 8<nne impression, but Kant 
allowc’d one way of escape. It was as clear to him as 
to Socrates that all metaphysical syeti’ins which up to 
that time hatl Iwun propoundnl were tissues of false 


continual sermon against the use of the «iti^g*»ry of 
thought beyond the limits of possible esj^frience. But 
gdbmctry seemed to him to do somothing wbidi mota- 
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nal.ural elements; whetlier tlie so-called pure or the 
empirical, the axioms of geometry, the principles of 
mechanics, or the perceptions of vision. For this 
reason, therefore, the mathenfatical investigations of 
Lobatschewsky, Gauss, and Eiemann on the altera- 
tions which are logically possible in the axioms of 
geometry; and the proof that the axioms are principles 
which are to b^ confirmed or perhaps even refuted by 
experience, and* can accordingly be acquired from ex- 
perience— these I consider to be very important steps. 
That all metaphysical sects get into a rage about this 
must not lead fou. astray, for these investigations lay 
the axe at ^e bases of apparently the firmest supports 
which their claims still possess* Against those investi- 
gators who endeavour to eliminate fro^n among the per- 
ceptions of the ^senses, whatever there may be of the 
actions of memory, and of the repetition of similar im-^ 
pressions, whi^h occur in memory ; whatever, in shorty 
is a matter of experience, against them it is attempted 
to^^aise a party cry that they are spiritualists. As if 
memory, experience, and custom were not also facts, 
whose laws are to be sought, and which are not to be 
explained away because they cannot be glibly referred 
to reflex actions, and to the complex of the prolonga- 
tion of ganglionic cells, and of the connection of nerve- 
fibres in the brain. 

Indeed, however self-evident, and however important 
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the prineiple may app«r to be, that natimil wienw lirm 
to 8ook for the kw» of faetsythis priwt^o is nevurthi*- 
lesfl often forgotten. In rwognialng the law foimcl, m a 
force which rules the pr«ic«*^e» in nntsre, we conceive it 
objectively aa a foren^ and sach a reference of individual 
cnscs to a force wlu'cli ntider given ocmditimig |>nMhieea 
a (lefinito rcault, that wo dcungnato na a «Mi«d e*pbn«- 
tiem of phenomena. Wo mnnot always »f«r to th® 
forces of atoms } we apeak of a rofractivo force, of electro- 
motive and of eleetrodynamic force. Ihit do not ft»rgct 
the ffiv^n mnditwm and the gimn, rt§"tdL If tliew 
<maot be given, the ex|daaatiim atWinjiAHl i« merely 
a modeat c<Hif<»lon of igno«anee, luad then |t is decidedly 
better to cioafeii thii qpenly, • 

If «By proe^ in v^^tatlon it referred to forciw In 

p • 

the cells, without a dospr definition the conditions 
among whioh, and of the diri^tioo In whkh, they work, 
this ^ at most, assert that the mom pmoto parts of 
th© argaiilsm are vrithont inflwnoe ; bot it woald Ip 
difiicnlt to oonfirm this with eertainty in mow tJa« a 
few flisoji. In likewnnor, the deflaito wmte 

whioh Johannes Mailer gave to the Mea of wsfiex set ion. 
Is grmltially evaporated into thl% tibat whim m iai|ir«*p 
sion has bpsn mwie on Miy pvt of ^ nemtis sytiwn, 
and an action iwaw 1» any MImv this is aoppased 
to have been explained fey wytag that It is a »fie« 
adlon. Much xwiy fee impaed nptm the irreaedvahte 
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^ity of the nerve-fibres of the brain But the 
^nce to the qualitates occuUce of ancient 
-o is very suspicious. 

^ the entire chain of my argument it fol- * 
‘what I have said against metaphysics is 
mded against philosophy. But metaphysicians 
Ways tried to plume themselves on being philo- 

► and philosophical amateurs have mostly taken 
*^st in th# high-flying speculations of the meta- 
tans, by which they hope in a short time, and 
•eat trouble, to learn the whole of what is worth 
g"* On afiother occasion ^ I compared the rela- 

> of jnetaphysics to philosophy with that of 
15^ to astronomy. The former had the nsost 
f interest for the public at large, and especially 

fashionable world, and fumed its alleged con- 
ra into ififluential persons. Astronomy, on the 
althqjigh it had become the ideal of scientific 
X, had to be content with a small number of 
working disciples. 

Like manner, philosophy, if •it gives up metar- 
y still possesses a wide and important field, the 
itge of mental and spiritual processes and their 
JTust as the anatomist, when he has reached the 
>f naicroscopic vision, must try to gain an in- 

to the German translation of Tyndall’s SdeniAfio 

to, pw Xdl, 



ties, i fae groping of the medioal gchooli for the k«fc 
two thousand years is, among other thingn, an illtw- 
tratiwi of the harm of erroneous views in tliis ri»{M*et, 
And the phyaiemn, the statesman, the jiiriiit, the 
clergyman, and the teacher, ought to*bi abb to buihi 
upon a knowledge of physical proewse* if they with 
to acquire a true scientific basis for their practical ae* 
tivity. But tihe true science of philosophy has had, 
perhaps, to suffer more from the evil fhental habits and 
the felse ideals oi metaphysics than even mtrdicine 
itelf. • 

One word of warning. I »loiild^a0t like ^ to 
think that my it^n&nts are inflttepced l^ pc* rH, m ,a! 
irritation. I need not explain that cJiie who has such 
opinions as I have laid befcae yon, whp ImpnMiea on 
Ms pupils, whenever be mn, the principle that *a 
metaphysical mclndon is either a &lse wnelnsioffPor 
a concealed expilmental coaclnsioo,’ that bo is not 
exactly beloved hf the votaries of motaphyd<* o, of 
Intuitive coacepaonfc Metaphydciwjs, Uk# all th^e 
who cannot give any dedilve mmm» to ^eir oppo- 
nents, are usually act very polite In their eontrovcrsy j 
om% own soooM imy apiwoximatriy be mUnmuni 
Smm the increasing want of politeness In the replies. , 
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My own reseaxches have led me more than other 
disciples of the school of natural science into contro- 
versial regions; and the expressions of metaphysical 
discontent have perhaps concerned me even more than 
my friends, as many of yon are doubtless aware. 

In order, therefore, to leave my own personal opinions 
quite on one side, I have allowed two -unsuspected war- 
rantors to speak ^or me — Socrates and Kant — both of 
whom were oertaiio. that all metaphysical systems estab- 
lished up to their time were full of empty false con- 
clusions, and who guarded themselves against adding 
any new ones. In order to show that the matter has 
not changed,^either in the last 2,000 years or in the 
last 100 years, let me conclude with a sentence of one 
who was -unfortunately too soon taken away from us^ 
Frederick Albert Lange, the author of the ^ History of 
Maiterialism.’ In his posthumous ‘Logical Studies/ 
which he wrotQ in anticipation of his approacliing endj 
he gives the following picture, which struck me because 
it ^p^uld hold just as well in reference to solidar or 
humoral pathologists, or any other q £ the old dogmatic 
schools of medicine. 

Lange says : The Hegehan ascribes to the Herbaxtian 
a less perfect knowledge than to himself, and conversely ; 
but neither hesitates to consider the knowledge of the 
other to be higher compared with that of the empiricist, 
and to recognise in it at any rate an approximation to 
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tile only true knowledge. It is seen, al«o, thaf here no 
regard is paid to the validity of the proof, niid thttl a 
more statement in the form of a dalticiion from the 
entirety of a system is wset^ised as ‘apodietio know- 
ledge.’ 

I^t us, then, throw no stones at our ohi mHlioMl 
predecessors, who in dark $Lgt% and with bat slight 
preliminary knowledge, fell into p^isely the »me 
errors as the great intelligences ofvhat wishes to be 
thought the illuminated nineteenth century. Tliey did 
no worse than their predecessors exi-ept that the non- 
oens© of their method was more prominent in the 
matter of naturd soieuM. Let us work on,. In this work 
of true !QteU%eiiee ^ydeians are called nporf to play 
a prominent part. Ammg thmif w^o are conf initally 
called upon activjply to pmmne and apply their know- 
ledge of^natare, you are th«ie who be^n with the best 
meatid prepamyon, and are aeqaainted' with the newt 
v^ed wgitms of mtumi phenomim, 

la order, flnaliy, to oonclnde our oonsultatliwi SSFlhe 
coadiMffla Damb Me^cine correctly with the epikrl- 
Bi% I think we have every reason to be eontoni with the 
success of the tmtiaeat which the sebool of imtuml 
science haa appM^, aad we «ta ooly meomtnwidi the 
younger generation to ocmthitte ^e sanie ther^utte. 
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In entering upon the lionourable o%ie to wliicli the 
confidence of colleagues has called me, my first 
duty is once more openly to express my thanks to 
those who hav« thus honoured me byjbheir confidence. 
I have the more reason to appreciate it highly, as it 
wal^onferred upon me, notwithstanding that I have 
been but few years among you, amd notwithstanding 
that I belong to a branch of natural science which 
has come within the circle of University instruction 
in some sense as a foreign element ; which has necessi- 
tated many changes in the old order of University 
teaching^ and which will, perhaps, necessitate other 
changes. It is indeed just in that branch (Physics) 
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which I represent, and which forms the tl.owofiml 
basis of all other branches of Natural Sc-iciiw, that 
the particular characteristics of their methods are 
most definitely pronounced. I have dready been ««v<- 
ral times in the position of having to pre^poM altom- 
tions in the previous regulations of the Univewity, 
and I have always had the plM»nro of wiHjtlng with 
the ready assistance of my wUengue/ In tiie faculty, 
and of the Senate. That you have miwls me the 
Dirmtor of the badness of this University for this 
year, is a proof that you regard me ^ no thought- 
less innovator. For, in &et, ht»wevaf thw olijwts, the 
method^ the more immdiiato aims of ipviMii^tJons 
in ' the natural fences may differ estemsRy from 
those of the ^entdl se!eaee% Md howevw fawfgn 
their rwults and^however mmtM thfir interest may 
^ often appear, to those who are swustomixl only to toe 
direct manifesta^oos and products of iwuital activity, 
there is la rmUty, as I have endeavoured to show in my 
diajourse as Bedw tdr HeldeK^rg, the elMwA co««to- 
Um to toe essmtUs df sdentifie metooda, as well as 
to the ultinufte aims of both towsM of the mmmt* 
Even if most oi toe ol^ of invesUgatioii df the 
natural sciences are not dfrei^ly oomneetod with the 
interests of the mind, it oaanot, on toe hand, be 
V fcMfgotten that toe powwr of true tudentlfie^Wfitotrf 
rtiwttds oat to tJb mdnral sciences ^ wore womlff 





ACADEMIC EBEEDOM IN GEEMAN UNIVEESITIES. 239 


tly — -that the real is far more sharply separated 
1 the unreal, by the incomiptible criticism of 
8, than is the case with the more complex problems 
aental science. 

And not merely the development of this new side 
scientific activity, which was almost unknown to 
iquity, but also the influence of many political, 
'al, and eveti international relationships make 
mselves felt, &nd require to be taken into account. 

3 circle of our students has had to be increased;, 
hanged national life makes other demands upon 
se who are leafV'ing ; the sciences become more and 
re specialised and divided ; exclusive of the libraries, 
jer and more varied appliances for study are re- 
red. We can scarcely foresee what fresh demands 
I what new problems we maj^ have to meet in the 
re immediate future. 

On the othgr hand, the German ITniversifi.es have 
iquered a position of honour not confined to their 
bii^idand ; the eyes of the civilised world are upon them, 
lolars speaking the most differeiaj^ languages crowd 
raids them, even from the farthest parts of the 
rth. Such a position would be easily lost by a false 
p, but would be diflicult to regiun. . 

Under these circumstances it is our duty to get a 
ar understanding of the reason for the previous pro- 
jrity of. our Universities; we inust try to find what is 
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the feature in their aimugeinenfs which wh mu«f M*i*k 
to retain as s precious jewel, and where, on the contrary, 
we may give way when changes itta required. I cotimdcr 
myself by no means entitled to give a flna! opinion on 
this matter. Tlie point of view of any single indi- 
vidual is restricted; representalives of other wieticcs 
will be able to contribute somethiaf. But I think 
that a final result can only be arrived at when «ch one 
becomes clear as to the state of things as seen from bis 
.point of view. 

The European Universities of the Middle Age had 
their origin as free private unions cf thtdr students, 
who came together under the influence of celebmW 
teachers, and themselves arranged their owr. aflWm. 
In recognition of the public advantage of these union* 
they soon obtained from the State, privilege* and 
honourable righ4 especially that of an independent 
jurisdiction, and the right of granting acadetnie de- 
grees. The stadent* of that time were moidly mwi 
of mature years, who frequented the Uiiiver#ity4imws 
immediately for t^r own instruction and without any 
direct practW o^mIi but yotmger wen soon begwi to 
be sent, who, for the mott prt, were placed under tho 
Buporintendeuto of the older members. , The nepawto 
Univeraitie# qfiUt again into closer ewmmie unions, 
under the name of « B«raari«»,^ ♦CJolkges,* 

whose older membms, the soalM^ fovenied the mn- 
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mon affairs of each such union, and also met together 
for regulating the common affairs of the University. 
In the courtyard of the University of Bologna are still 
to be seen the coats-of-arms, and lists of members and 
seniors, of many such Nations in ancient times. The 
older graduated members were regarded as permanent 
life members of such Unions, and they retained the 
right of voting, is still the case in the College of 
Doctors in the liiiversity of Vienna, and in the Col>* 
leges of Oxford and of Cambridge, or was until recently. 

Such a free confederation of independent men, in 
which teachers as* well as taught were brought together 
by no other interest than that of love of science;- 
some bjp the desire of discovering the treasure 5of 
mental culture which antiquity had bequeathed, others 
endeavouring to kindle in a ne\f generation the ideal 
enthusiasm whiclf had animated their lives. Such was 
the origin of yniversities, based, in the conception, 
and in the plan of their organisation, upon the most 
perfe^i freedom. But we must not think here of 
freedom of teaching in the modem semse. The majority 
was usually very intolerant of divergent opinions. Not 
unfrequently the adherents of the minority were com- 
pelled to quit the University in a body. This was- not 
restricted to those cases in which the Church inter- 
meddled, and where political or metaphysical proposi- 
tions were in question. Even the medical faculties— ^ 
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that of Paris, the most celebrated of idl at the head 
--allowed ixo divergence from that which they re* 
garded as the teaching of Hippocrates. Anyone who 
used the medicines of the Arabians or who believed 
in the circulation of the blood was expelled. 

The change, in the Universities, to their present 
constitution, was caused nminly by the fiwt that the 
State granted to them material heli^ but required, on 
the other hand, tihe right of co-operating ha their 
management. The course of this development was 
different in different European countries, pirtly owing 
to divergent political conditions and* portly to that of 
national character. 

" Until lately, it might have been ^id dhat the 
least okmge h^ taken place in the old Engliidr Uni- 
versities, Oxford^aad Cambtidg®. T&ehr great endow- 
ments, tike political feeling of the English for the reten- 
tion of Ixisting^ rights, had exeludM a||n(sd^ ^ change, 
even in directions in which such change was urgently 
requirdl Until of late b^ Universities had 
measnre tetidned thehr character as schools far the 
clergy, form^ly of the Rrman and now of the Anglican 
Church, whose instiructlon laymen might also share in 
so &r as it could serve the general education of the 
mind I they were sul^ected to such a control and mode 
of life, as was formerly considered to be good for young 
priests, They lived, as they still live, in colleges, imdof 
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the superintendence of a number of older graduate mem- 
bers (Fellows) of the College ; in other respects in the 
style and habits of the well-to-do classes in England. 

The range and the method of the instruction is a 
more h%hly developed gymnasial instruction 5 though 
in its limitation to what is afterwards required in the 
examination, and in the minute study of the contents 
of prescribed teA-books, it is more like the Repeti- 
toria which are here and th®re held in our Univer- 
sities. The acquirements of the students axe controlled 
by searching examinations for academical degrees, in 
which very 8 |>® 5 iaf knowledge is required, though only 
for limited regions. By 8 U(di emminations the aca* 
demkal degrees ax® acquired. * 

While the English Univorsities giv# but Httle for 
the endowment of the positions of a|jproved scientiflo 
teachers, and do not logicsdly apply even that little for 
this object, thr^r have another arrangement which is 
apparently of gr^t promise for scientiflo study, but 
whictShas hitherto not effected muchj that is the 
Institution of Fellowships. Those Who have passed 
the best esamimtlons axe elected as Follows of their 
collie, where they have & home, and along with this, 
a respectable income, so thi* they can devote the whole 
of their leisure to eeientiflo pursuits. Oxf^ and 
Cambridge have each ia<®e than 500 such fellowships. 
The Fellows may, but med xmt act as tutcws for the 
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etudontB. They need not even live in tl^ Univewity 
Town, but may spend their stipends where they likei 
and in many cases may retma the fellowshtps for an 
indefinite period. Witii bowm eameptions, they ondy 1«» 
it in t®8e they marry, or are elected to certain offices. 
Hey are Ihe real 8«oce®Bora of the dki ©ffltpwatioa 
of students, by and fear which the University was 
founded and endows. But howevir heauttfu! this 
plan may seem, and aotwithstaadiag the eaormow 
sums devoted to it, in the opinion of ^ anpreJj^Md 
Englishmen it does bat little far science | nmoifoitly 
because most of titose young men, tdthoagh they mre 
the pick of the students, and ha the fiivoarable 
conditions poMilble te scientific work, have* ill thA 
student-career owme soffldentlj^ in contact with 
the living i^t^of inquiiy, to work.oa idterwaids on 
their own acooouat, and with thek owh enthwilaam. 

In wtaitt„ respects the English .Ualve»iti«i do 
a great deal They bring np thehr studcoti as c«l- 
tlvated men, who are expected wrt to break tlMsugh 
the roitrietions their political and eedieidastieal 
party, mad, in feet, do not thus tewk throu^. In 
two rei^pects i» might wett e^eavour to imitate 
them. In th» fir^ place, tc^ttwar with a lively feeling 
for the bmnty and yonthftd frethneMi of smtiituity, 
they develop in a high degree a sense for deiimwy 
and pr^diion ha writing which shows itself in tlm 
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way in wMeh they handle their mother-tongue. I 
fear that one of the weakest sides in the instruction 
of German youth is in this direction.- In the second 
place the English Universities, like their schools, take 
greater care of the bodily health of their students. 
They live and work in airy, spacious buildings, sur- 
rounded by lawns and groves of trees ; they find much 
of their pleasure in games which excite a passionate 
rivalry in the defelopment of bodily energy and skill, 
and which in this respect are far more efficacious 
than our gynouiiStic and fencing exercises. It must 
not be forgotten ^at the more young men are cut off 
from fresh aif and from the opportunity of vigorous 
exercise,* the more induced will they be to seek an 
apparent refreshn\ent in the misuse of •tobacco and of 
intoxicating drinks. It must also admitted that 
the English Universities accustom their students to 
energetic and accurate work, and keep them up to 
the habits of educated society. The moral effect of the 
moreTi^orous control is said to be rather illusory. 

The Scotch Universities and som? smaller English 
foundations of more recent origin — University College 
and King’s College in London, and Owens College in 
Manchester — ^are constituted more on the German and 
Dutch model. 

The development of French Universities h^s been 
quite different, and indeed almost in the opposite 
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dirsctioQ* In accordsnoo witli tib6 twftdsocy (iM th# 
French to throw overbmrd everything of Mstorie de- 
velopment to Bait some rationalistic the«ty, their 
faculties have logicddy become purely institutes for 
instruction — special schools, with definite regitk.timJS 
for the course of instruation, developed and quit® dis- 
tinct from those institutions which are to farther th® 
progress of science, such as the OoU^t ds JVwmm, the 
Jardin dBS PlcvnieBf and the ^ool^dM Jlltttdks 
’pfyrwwris. The faculties are entirdy sepmat^ 
one another, even when they ^e in |he Mm® town. 
The course of stn^y is definitely prtswdbed, Md is 
controlled by frequent examinations* S^rfndi teiujhing 
is* confined to that which Is dearly eitabMdidi, and 
transmits this •'In a ^well'^unrang^,, well worked-^ufc 
miumer, which |s> easily intelligibly -end does not ex- 
cite doqht nor th# neoestity fbr d^pwp Inquiry. The 
eeachm need, only possess good receptive tafants. 
Thus in France It is looked upon as a idee tiyp when 
a young ttm rtf pmmfaing talent takes a profasBtAhlp 
in a faculty in tM provincM. The method rtf instme- 
tion in Fraime is well adapted to give pnidlii, of even 
moderate capacity, sufficient knowledge for the routine 
of their calling. Th^ imve no chrttoe between different 
teachers, wid they nwms i» vcrfa* magUH | this gives 
a happy self-satisfaction and freedom from (|4»rii4s* If 
tire tmher has been well chosen, tids Is sufficient In 
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ordinary cases, in whicli the pupil does what he has 
seen his teacher do. It is only unusual cases that test 
how much actual insight and judgment the pupil has 
acquired. The French people are moreover gifted, 
vivacious, and ambitious, and this corrects many de- 
fects in their system of teaching. 

A special feature in the organisation of French 
Universities conSsts in the fact that the position of 
the teacher is qu#te independent of the favour of his 
hearers ; the pupils who belong to his faculty are 
generally compgUed to attend his lectures, and the far 
from inconsideralale fees which they pay flow into the 
chest of the J^nister of Education ; the regular salaries 
of the University professors are defrayed from this 
source ; the State gives but an insignificant contri- 
bution towards ihe maintenance of the University* 
When, therefore, the teacher has no real pleasure in 
teaching, or is •not ambitious of having a number of 
pupils, he very soon becomes indifferent to the success 
of his^eaching, and is inclined to take things easily. 

Outside the lecture-rooms, the* French students 
live without control, and associate with young men of 
other callings, without any special esjprit de corps or 
common feeling. 

The development of the German Universities differs 
characteristically from these two extremes. Too poor 
in their own possessions not to be compelled, with 
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increasing demands for tte means of instruction, eagerly 
to accept the help of the State, and too weak to re- 
sist encroachments upon their ancient rights in times 
in which modem States attempt to consolidate them- 
selves, the German Universities have had to submit 
themselves to the controlling influence of the State. 
Owing to this latter circumstance the decision in all 
important University matters has in principle been 
transferred to the State, and in timSs of religious or 
political excitement this supreme power has occasionally 
been unscmpulously exerted. But in^most cases the 

m 

States which were working out their own independence 
were favourably disposed towards the ^Universities ; 
they required intelligent oflScials, and the fame of their 
country’s University conferred a certain lustre upon the 
Government. The ruling oflBicials were, moreover, for 
the moHfe part students of the University; they re- 
mained attached to it* It is very remarkable how 
among wars and political changes in the States fight- 
ing with the decaying Empire for the consolid^on of 
their young soverSgnties, while almost all other privi- 
leged orders were destroyed, the Universities of Germany 
saved a far greater nucleus of their internal freedom 
and of the most valuable side of this freedom, than in 
conscientious Conservative England, and than in France 
with its wild chase after freedom. 

We have retained the old conception of students, as 
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that of young men responsible to themselves, striving 
after science of their own free will, and to whom it is 
left to arrange their own plan of studies as they think 
best. If attendance on particular lectures was enjoined 
for certain callings — what are called ‘ compulsory, lec- 
tures ’ — ^these regulations were not made by the Univer-^ 
sity, but by the State, which was afterwards to admit 
candidates to tfiese callings. At the same time the 
students had, and still have, perfect freedom to migrate 
from one German University to another, from Dorpat 
to Zurich, froiq, Vienna to Gratz ; and in each University 
they had free choice among the teachers of the same 
subject, witljput reference to their position as ordinary 
or extraordinary professors or as private docents. The 
students are, in fact, free to acquire Q-ny part of their 
instruction from* books ; it is highly ^esirable that the 
works of great men of past times should form an essen- 
tial part of study. • 

Outside the University there is no control over the 
proce"5dings of the students, so long as they do not 
come in collision with the guardiaas of pubhc order. 
Beyond these cases the only control to which they are 
subject is that of their colleagues, which prevents 
them from doing anything which is repugnant to the 
feeling of honour of their oWn body. The Universities 
of the Middle Ages formed definite close corporations, 
with their own jurisdiction, which extended to the 



250 ON AOADMO KBEEDOa' IN GISMAN UNIf HMITim 


over Hfe and d^th of their owa memberi. As thef 
Hved for tibe most part on foreign soil, it was mcmmry 
to have their own jurisdiction, psurtly to proteet the 
members from the caprioes of fcMreign judges, partly to 
keep up that decree ci respect and order, within the 
society, which was necessary to secure the continuation 
of the righto of h<^itality on a foreign soilt and 
partly, again, to settle disputes among the membertt 
In modem times the rmnsdns of &ir amdemic jmfs* 
dicticm have degms been comj^btely tenaiferred 
to the ordinary courts, or will be so trai)|fetTed ; but it 
is still necessary to nmintain certain festrictioQg on a 
union of strong and spirited young ]nen,;whioh guaiv 
antee the peace of thefr feUow<^iid@nts «Bd 'that df 
the eiihsens. Incases of collision this is tihe obji^ of 
tbe disolpMnaxy ;|^er''of the Unlve^ty autb^tiM. 
Thhi ol^ect, however, must be mainly ktaJned by the 
sen^ d £onour pf the stMentsi ud it«muid be *m* 
ddered Munate that Qmnan students have imiaiited 
a vivM $mm ci eorpcsate union, «ad ct what i»lDti« 
mately connected therewith, a requireiaeBt <rf hrmoar* 
able behaviour in tihe it^vidnid. I as» ty no means 
prepared to defend every individual mgukiion in the 
Codex of Students' Kononri there are many Middle 
remidns among them which were better swept 
away; but that otm only be done by the jitudoati 
themselves. 
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For most foreigners tte mcontrolled freedom of 
German students is a subject of astonisbrnent ; the 
more so as it is usually some obvious excrescences 
of this freedom wbicb first meet their eyes ; they ar^ 
unable to understand how young men can be so left 
to themselves without the greatest detriment. The 
German looks back to his student life as to his golden 
age ; our literati!re and our poetry are full of expres- 
sions of this feeling. Nothing of this kind is but 
even faintly suggested in the literature of other Euro- 
pean peoples. ^ The German student alone has this 
perfect joy in the time, in which, in the first delight in 
youthful re^onsibility, and fireed more immediately 
from ha^ng to work for extraneous interests, he oan 
devote himself to^the task of striving after the best and 
noblest which th^ human race has hiiherto been able to 
attain in knowleSlge and in speculation, closely joined 
in friendly ri^^^dry with a large body ^ of associates of 
piTnilar aspirations, and in daily mental intercourse 
with "teachers from whom he learns something of the 
workings of the thoughts of independent minds. 

When I think of my own student life, and of the 
impression which a man like Johannes Muller, the 
physiologist, made upon us, I must place a very high 
value upon this latter point. Anyone who has once 
come in contact wiih one or more men of the first rank 
must have ba d hi a whole mental standard altered for 
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the rest of his life. Such inteFcourso is, mwcovcr, the 
most iaterestlag that Ufe «a» offer. 

Yoa, my younger friends, haro receivitd in this 
freedom of the German students a costly and wliable 
inheritance of preceding genemtlonn. Keep it— and 
hand it on to coming races, purified and Minohh'd 
if piwible. You have to maintain it, by each, in Itis 
place, taking care tlmt the body of tilt-nian students it 
worthy of the confidence which has liitherto accorded 
such a measure of fre^mn. But f^dom neceMSfily 
implies resporwiWllty. It is as injuriotm a present for 
weak, u it is viduable for etnmg cbiMwterii. Do nt^ 
wonder if parents and statesmen ^metist|« urp that a 
mare rigid system of suparririon and lilfo tlmtof 

the EngliA, shap be intredueed even acwmg us. Then# 
|tfo doaht th^ ^ tiob a lyrimn, npny a one would 
{!« saved who is ruined by fb^tm But the Btate and 
Die Kat^ is b|st served by thoi^ wbo,^ biiMr free* 
dom^ and have shown that they know how to wwk wd 
to strain le, from their own force and bmlght and firom 
thdr own intoreiila trienee. 

My having pwriowtly dwelt on the infliMnee 
mental 'Intermurse with dfstlnpd^ed men, kads me 
to dismw anothwf pdnt in which Oermm DoiverriUet 
are disringuished fma the a^ French miaia 

M it that we start with the «d having instrw* 
too given, if pcwdlde, <mly hy teaobMn wlm have provid 
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their own power of advancing science. This also is a 
point in respect to which the English and French often 
express their surprise. They lay more weight than the 
Germans on what is called the ^ talent for teaching 
that is, the power of explaining the subjects of instrnc- 
tion in a well-arranged and clear manner, and, if pos- 
sible, with eloquence, and so as to entertain and to 
fix the attentiom Lectures of eloquent orators at the 
College de Framje, Jardin des Plantes, as well as in 
Oxford and Cambridge, are often the centres of the 
elegant and the educated world. In Germany we axe 
not only indifferent to, but even distrustful of, oratorical 
ornament, and often enough are more negligent than 
we should be*of the outer forms of the lecture. Th^e 
can be no doubt that a good lecture can be followed 
with far less exerfion than a bad one ; that the ^natter 
of the first can be more certainly ai5i completely ap- 
prehended; that a well-arranged explanatidh, which 
develops the salient points and the divisions of the sub- 
ject, sgjLd which brings it, as it were, almost intuitively 
before us, can impart more inforn^tion in the same 
time than one which has the opposite qualities. I am 
by no means prepared to defend what is, frequently, our 
too great contempt for form in speech and in writing. 
It cannot also be doubted that many original men, 
who have done considerable scientific work, have often 
an uncouth, heavy, and hesitating delivery. Yet I have 
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not infrequently seen that sueh teaehera had eiwded 

lecture-rooms, while empty-hwuM «KitM 

astonishment in the first lecture, fetigu© in the 

seeond, and were deserted in the third. Anyone 

who desires to give his hearers a perfect coavietlon 

of the truth of his principles must, first ei all, know 

from his own experience how conviction Is acquired and 

how not. He must have known how to acquiw «B* 

viction where no pedeceswnr bad l^en befinn hlm<>« 

that is, he must have wcsrked at the confines of hmoottn 

knowledge, and have ccmqmred for It new rei^mis. A 

. # 

teacher who retdls convictions wbleh are fon^n to 
him, is snfilcient fm those pnpHs who dopmd upon 
attthority as the source of their knowledp, bul n^ for 
such as require bases lor tbdr cmsvicttak which extetdl 
to the very hotfean. • * 

You w!E seelthat this is an bonoemhle ewfidence 
which the nation reposes fu you. Muito eountes 
and specifled teachers are net ptweribed to fm» You 
are t^iftrdcd as in^n whcMe unfettorad convl^oa is 
to be gained I v^o know how to distlugudsh what 
is emntM fren what fa only apfwreat) who oia m 
longer be appesMid by an to way authority, and 
who no longer hA tlMBOielvei he so i]^^4««ed* dare is 
also always taken that yon youi^ves dhottld penetrate 
to the sources c£ knowledge in so &r as these emsM 
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^oks and monuments, or in experiments, and in th© 
'^Vation of natural objects and processes. 

the smaller German Universities have their 
Xibraries, collections of casts, and ^ the like. And 
establishment of laboratories for chemistry, 
*^oscopy, physiology, and physics, Germany has 
'^d.ed all other European countries, who are now be- 
to emulate her. In our own University we may 
next few weeks expect the opening of two new 
^ibiitions devoted to instruction in natural science. 
Tlie free conviction of the student can only be 
^^iired when^foeedom of expression is guaranteed to 
"teacher’s own conviction — the liberty of teacM/rig* 
s lia^ not always been ensured, either in Germany 
XL tire adjacent countries. In times of political and 
lesiastical strliggle the ruling parties have often 
►xxghL allowed themselves to etRroach; this has 
'says been regarded by the German nation as an 
a,ck upon their sanctuary. The advanced political 
edom of the new G-erman Empire has brought a 
re for this. At this moment, the^most extreme con- 
[^XLences of materialistic metaphysics, the boldest 
sctxlations upon the basis of Darwin’s theory of evo- 
iioxi, may he taught in German Universities with as 
tie restraint as the most extreme deification of Papal 
fallibility. As in the tribune of European Paxlia- 


the lectures of a mau of Honsja’s mioatiio fjcupw* 
tance and earnestness are forbidden. _ 

1 hare to speak of another a^e^ of our libertj of 
teaching. Il)a£ is, the extended sense In which Ger- 
man Universitiai have admittM ts^hera. la the 
originid meaning of the wotd, a doctcsr Is a * teacher,* 

m; 

(H^ whMe mpacitj as teacher is reoogntMd.,. la the 
Uaivmities of the Middle Agm my doctor who found 
pupils oonid set' up as teaoh«r. la mmw of time the 
practical significalioo the title imi changed. Mo^ 
el those isrho sot^ht the titie did aot iatewl to a^ as 
teaoh«r% but only oeedMl it as sa offidai nwcptitton 
their sclimGfio tmlaCng. Only ia Gemnasy are 
th«. w or t»i< »ci«>t to^ooorf. 

aaee with the idtered neanlag of toe titie of doctor, 
and the minutar spedaUaatlMi of to« subjects of in- 
struoGoa, a spcdsd proof ot mmw profound scleatide 
proficiency, to the particular hmach to which toey wish 
to haUIitide, is re(|iiired firon thcee doetcuf who deds« 
to exercise the right of toachtog. Jto mm^ German 
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Universities, moreover, the legal status of these habili- 
tated doctors as teachers is exactly the same as that of 
the ordinary professors. In a few places they are 
subject to some slight restrictions which, however, 
have scarcely any practical effect. The senior teachers 
of the University, especially the ordinary professors, 
have this amount of favour, that, on the one hand, in 
those branches ill which special apparatus is needed 
for instruction, they can more freely dispose of the 
means belonging to the State ; while on the other it 
fells to them to hold the examinations in the faculty, 
and, as a matter df fact, often also the State examina- 
tion. This naturally exerts a certain pressure on the 
weaker minds among the students. The influence ^f 
examinations is, however, often exaggerated. In the 
frequent migrations of our students, a great number 
of examinations 9xe held in which the candidates have 
never attended ^he lectures of the exanuners. * 

On no feature of our University arrangements do 
foreigngrs express their astonishment so much as about 
the position of private docents. They are surprised, 
and even envious, that we have such a number of 
young men who, without salary, for the most part with 
insignificant incomes from fees, and with very un-’ 
certain prospects for the future, devote themselves to 
strenuous scientific work. And, judging us from the 
point of view of basely practical interests, they are 




s 
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equally surprised that the foculties so rwidily iwlinit 
youag men who at any moment may cliange from 
assistants to competitors { and fartherj that only in 
the most exceptional rases is anything ever heairf of 
unworthy means of competition in what is a matter of 
some delicacy. 

The appointment to vacant professorship, like the 
admission of private docents, rests, though not uncon- 
ditionally, and not in the last reaor^ with the todty, 
that is with the body of ordinary frofewors. These 
form, in German Univeraities, tlmt rwidunm of fcarmer 
colleges of doctw* to which the fights of the old 
^ coiporattens have been transferred. They form as it 
were a select committee of the paduates of. a finrm^ 
epoch, but established wiA the eo-o|«mti«i of the 
Govmment. The neo^ tom for the noninatlmi of 
new o^inaiy piMeseoni hi that the &eulty proposes 
three oSadidatra to Govemm^t for its eboieef where 
the Gwwnmwt, however, does not consider itself 
restricted to the omdhiates propoiwi Excepting in 
tiroes d heated pity ^dtet it Is very nousial for the 
proposals of the fecalty to be pwawd over. If there is 
not a very dbvicroi iwmob $m h«riitatloo it Is sdways • 
serious persMol rei^proariWIIty fcr tih# executive officials 
to elect, in opposithm to the pr^pMsls of competent 
judges, a tewher who hto pubUely to prove to 
ppuatjbeforo 
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The professors have, however, the strongest motives 
for securing to the faculty the best teachers. The 
most essential condition for being able to work with 
pleasure at the preparation of lectures is the con- 
sciousness of having not too small a number of intelli- 
gent listeners ; moreover, a considerable fraction of the 
income of many teachers depends upon the number of 
their hearers. Elch one must wish that his &culty, as 
a whole, shall attract as numerous and as intelligent a 
body of students as possible. That, however, can only 
be attained by choosing as many able teachers, whether 
professors or docaits, as possible. On the other Irnnd, 
a professor’s attempt to sfimtdate his hearers to 
vigorous tind independent research can only be sudt 
cessful when it Jls supported by his collogues} 
besides this, wording with distinguished colleagues 
makes life in Unifersity circles interesfing, instructive, 
and stimulating,; A faculty must hav^ greatly sunk, 
it must not only have lost its sense of dignity, but also 
even tlie most ordinary worldly prudence, if other 
m<^ves oould preptmderate ov» these ; and such a 
Realty would soon min it^lf. 

With regard to tihe spectre of rivalry among Uni* 
versity teachers witih which it is sometimei attempted 
to frighten publle ojdnirm, thace <^n be none each if 
the 8taden|i and their tubers are the right kin^. 
la tire first pliu^, it is only in large Unir^rities that 



divide the work in such a manner that 
side which he most o<Hnpletely masters. 
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remained outside the Universities. The answer to such 
an inquiry is given in the not infrequent jest or sneer 
that all wisdom in Germany is professorial wisdom. If 
we look at England, we see men like Humphry Davy, 
Fmaday, Mill, Grote, who have bad no connection with 
English Universities. If, on the other hand, we deduct 
from the list of German men of science those who, 
like David Strausi, have been driven away by Govern- 
ment for ecclesiastical or for political reasons, and those 
who, as members of l^imed Academies, had the right 
to deliver lectures in the Universities, as Alexander and 
Wilhelm von Hunfboldt, Leopold von Buch, and others, 
the rest will gnly form a small firaction of the number 
of the nrffen of equal scientific standing who have bedh 
at work in the Universities ; while the sfime calculation 
made for England jvould give exactly the opposite result. 
I have often wondered that the Koyal Institution of 
London, a private Society, which provides for ite mem- 
bers and oth^ short ootixtm of lectures on the Progrew 
of Natswal Science, shoidd have been able to retain 
pannanantiy the services of men #f such scientific 
importimee m Humphry ^vy and Faraday. It was 
no question of great emolinnents$ these men were 
manifestly attracted by a select public consisting of 
men and women of independent mental culture. In 
Germany ^e Univeraties are unmistakably the ineti- 
tutioQS wMch emet the most powerful attraction on 
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the tatighfc. Bat it is clesa: that this atteactlon depends 
on the teacher’s hope that he will not <«alj find in the 
University a body of pupils enthoskrtio and Mcas- 
tomed to work, but such also m devote Aemselves to 
the formation of m independent convietioa. It is <»ly 
with such students that toe intelligence of the t^er 
bears any further fruiL 

The entire wganisation of onr Ufilversitles Is thus 
permeated by this respect for a fre®. independent coin 
viction, which is m<we strongly iinpr®**^ ^ 
Germans than on their Aryan kindimdof to® Celtic and 
Bomanio branches, in whom pi«ctl<^ political motives 
have greater weight. They are able, and as it would 
teem with perfect oonsoienGoasnesii, to reSlMdn the 
inquiring minci from toe investipGon of toot® prln^ 
ciples which appMf tU them to be beyond toe rang® of 
discussion, M forming toe fonndatlonr of their p^Gcalj 
social, md reygioOT crpniwtioaj Ihny think them- 
selves quit® justlfiisl to not allowing thehr youth to 
Jock beyond the boundary which they the»irf»ves wfi 
not disp«®d to mterst^ 

If, therefore, any of quesUMS is to wn- 
sidwed as ouMde toe »ng^ of dtomsiioa, however 
remote imd restoteldl It may be, aM however good 
may be toe tetontio«> toe puifils moat be kept la the 
prescribed path, smd f^hem most' he' appdnted who 
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do not rebel against authority. We can then, bowerer, 
only speak of free conviction in a very limited sense. 

You see bow different was the plan of our fore- 
fethers. However violently they may at times have 
interfered with individual results of scientific inquiry, 
they never wished to pull it up by the roots. An 
opinion which was not based upon independent con- 
viction appearedoto them of no value. In. their hearts 
they never lost Mth that freedom alone could cure the 
errors of freedom, and a riper knowledge the errors of 
what is unripe. The same spirit which overthrew the 
yoke of Hie CSurch of Borne, also organised the Grer- 
mm TJnivendiaes. 

Bttfc*any1in8titution based upon freedom must ^so 
be able to calculate on the judgment and reasonable- 
ness of these t<f whom freedom is granted. Apart 
from the points which have been pfSviously discussed, 
where the studente themselves are left to €ecide on 
the worse of Sieir stiidies aad to select their teachers, 
the a^ve considfflcaHons show how the students react 
upon their teachers. To producers good course of 
lectures is a labour which is renewed every term. 
New matter is continually bdng added which neeessl- 
a reconsideration and a rearrangement of the 
bid from fwish points of view. The teacher wotdd 
ioott be dispirited in his work if he could not count 
upma th j md and the interest of his hwers. Ihe 
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estimate wMch he places on his task iriU depend m 
how far he is followed by the appreciation of a suffi- 
cient number of, at any mte, his more intelligent 
hearers. The influx of hearers to the lectures of a 
teacher has no slight inflnenoe upon his fame and 
promotion, and, there^re, upon the comp«ation of 
the body of teachers. In all these respeete, It !• 
assumed that the general public opfaion among the 
students cannot go permanently wrong. The majority 
of them — ^who are, as it were, the representetivet t f 
the general opinion — must come to us with a suffi- 
ciently logMly trained judgment, Vith a sufficient 
habit of mental exertion, with a taet si^toiimtly de- 
veloped on the best models, to he able to dlsdiminate 
truth from Use ^bbllng appwrtne® erf truth. Among 

the students are to b6 found th^ Iptelligent’^edls 

#** 

who will be the mental leaders of the next pnetniion, 
ami who, 'perhaps la a few years, will #feet to tbiaa- 
telves the eyes of the world. OetsMional errors in 
youthM and exdtable ^Irits naturally OMur; hut, on 
the whol<^ we m8y,be iwetty sure that they will soon 
set theaMielves right. 

Thus preiwed, th^ have hitherto been sent to 
ns by the Gymnasinms. It would be very ilangerous 
for the Universities if bu^e numf^i of studente fre- 
quented them, who ware lew develop^ in t^e above 
tespeclS* The generri self-respeot df the itudenyi 
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must not be allowed to sink. If that were the case, 
the dangers of academic freedom wonld choke its 
blessings. It must therefore not be looked upon as 
pedantry, or arrogance, if the Universities 'are scrupu- 
lous in the admission of students of a different style 
of education. It would be still more dangerous ifj 
for any extraneous reasons, teachers were introduced 
into the faculty, ^ho have not the complete qualifica- 
tions of an indepeaadent academical teacher. 

Do not forget, my dear colleagues, that you are 
in a responsible position. You have to preserve the 
noble inheritance* of which I have spoken, not only 
for yonr own people, but also as a model to the 
widest <Srcles of humanity. You will show that 
youth also is enthusiastic, and will work for inde- 
pendence of conviction. I saj* work; for indepen- 
dence of conviction is not the facite assumption of 
untested hypotJ;ie8e8, but can only ]je acquired as 
the fruit of cbnseientious inqtdry and strenuous 
labour.* You must show that a conviction which 
you yourselves have worked out a more fruitful 
germ of fresh insight, and a better gnide for -action, 
thsm the best-intentioned guidance by authority. 
Germany — ^which in the sixteenth century first re- 
volted for the right of such conviction, and gave its 
witness in blood — is still in the van of this fight.' 
To Germany has feUen. an exalted historical task^ and- 
in it you are called upon to co-operate. 



AUTOBIOGBAPHICAL SKETCH, 


An AMms ddimred m the cxmmm ^ hie J^Um, 1801 


Isf tlie cours© of tli 6 past year, and moat leoeiitly «« 
the ootwion of the ©debration of cay seventieth 
biithds^, and the sal^eqaent festWtiw, I have been 
overloaded with honoors, with marks of and of 

goodwill in a way whioh could never have been ea- 
jjeotdl. My own sovereign, bis Mi^esty the Herman 
Emperor, hia nGsed me to the hi|^wt rank in the 
avd Service j the Kings of Sweden of Mj, »y 
former sovereign, the 0 nmd Duke tdf Baden, wd the 

Crosses ma a» j i^y a0id®mi®i, not only of eidenoe, 
bat also of ^ fine arts, fimnlties, «»d teamed sodettei 
spread ov«f tlm fhole wmrM, from Tmaiak to Melboom#, 
have sent me diplomas, and richly ilhiininatcd lahln-i'*"*, 
esprcssing in elevated ksguage their rwogniii-m of 
my scientific endeavours, and their thanks for iho“w 
endeavoniS| in terms which I cannot rewl without a 
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jfeeEBg of sliame. My native town, Potsdam, bas con- 
ferred its freedom on me. To all this must be added 
oountless individuals, scientific and personal friends, 
pupils^ and others personally unknown to me, who have 
sent their congratulations in telegrams and in letters. 

But this is not all. You desire to make my name 
the banner, as it were, of a magnificent institution 
whioh, founded By lovers of science of all nations, is 
to encourage and promote scientific inquiry in all 
countries. Science and art are, indeed, at the present 
time the onlj remaining bond of peace between 
civilised nations. * Their ever-increasing development is 
a common aipa of all ; is effected by the common work 
of all, afid for the common good of all. A great and a 
sacred work ! The founders even wis\to devote their 
gift to the propaotion of tho^ branches of science 
which all my life I have pursued, and thus bring me, 
with my shoitcpmings, before future generations almost 
m m exemplmr of scientific investigation. This is the 
proudest honour which you could confer upon me, in 
go much as you thereby show thatJL possess your un- 
qmdified favourable opinion. But it would border on 
pptiumption were I to accept it without a quiet -ex- 
m my pert that the judges of future 
eeuturfai will not be influenced by considerations of 

phonal appearance evenj yon have had r^r^ 
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sented iu ixiarble by a roanter of tb© first niokj so that 
I shall appear to the prwent aad to future pHeretioioi 
in a more ideal forai} and another maater of the 
etching needle has ensured that faithful portraits of 
me Bhall be distributed among my oontompomriw. 

I cannot fail to remember that all you have done i» 
an expression of the sineerest and irarmMt goodwill o® 
your part j and that I most deepl^ indebted to you 

for it. * 

I must, however, be exeusdl if the first effect of 
these abundant honours is rather aarBrislag and wn- 
fusing to me than intelligible. My own oonsclotwnwt 
does not justify me in putting a mMnure^rf the value 
oPwhafc I have tried to do, which would leavl sneh a 
tolanoe in my favour a* you have^ drawn. I know 
how simjdy eveiythial I have done has been twoughfe 
about} how sdaufeifito methods worked* out by lay |a»- 
decetsOTs have srtuwdly led to certain spate, and how 
frequently a fortunate circamsbwaoe w a Iwky a«el- 
dent has helped me. But the chief dlflfcreaoete this 
— thri; which I tew seen slowly growing from anmll 
beginnings ^rmigh aaooths and yenrs of toilsome and 
tentative wrk, all ttet anddenly starts before you like 
'Fallas fully eqtdpped ftoia the head of Jupiter* A feeb 
ing of suaprise has watered Into your twit not 

into mine. At timw, and perha|w even fr«H|Uimtly, my 
own estimate may pomiWy have been imdaly^ tewared 
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by tbe fatigue of the work, and by vexation about all 
kinds of futile steps which I had taken. My colleagues, 
as well as the public at large, estimate a scientific or 
artistic work according to the utility, the instruction, or 
the pleasure which it has afforded* An author is usually 
disposed to base his estimate on the labour it has 
cost him, and it is but seldom that both kinds of 
judgment agree. • It can, on the other hand, be seen 
from incidental expressions of some of the most cele- 
brated men, especially of artists, that they lay but small 
weight on productions which seem to us inimitable, 
compared with^others which have been difficult, and 
yet which appear to readers and observers as much less 
successful. \ need only mention Goethe, who oiy^e 
stated to Eckermann that he did not estimate his 
poetical works so ^highly as whai he had done in the 
theory of coloursi ^ 

The same may have happened to me, thomgh in a 
more modest degree, if 1 may accept your assurances 
and thjjpse of the authors of the addresses which have 
reached me. Permit me, therefore,^o give you a short 
account of the noanner in which I have been led to 
the special direction of my work. ; , ^ & * 

In my first seven years I was a delicate boy, for 
long confined to my room, and often even to bed ; but, 
nevertheless, I had a strong inclination towards occupa- 
tion and*mental activity. My parents busied them- 
selves a good deal with me; picture books and games, 
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especially with wooden blocks, filled np the rest of thd 
time. Beading came pretty early, which, of course, 
greatly inerted the range of my ooca|»tion#. But a 
defect of my mental orpiaisatioa showed itself almost 
as early, in that I had a bad memory for dtscoanMted 
things. The firat indication of tdito I consider to bo 
the difficulty I had in distinguishing betw@« kft and 
right} afterwards, when at school- I began with 
languages, I had gimter difficultly than othew in 
learning words, irregular grammatl<al foraw, sard 
peculiar teraas of expre^ion. History ^a« then taught 
to us I muld 8<«r<»ly master. To l^m prose by h»rt 
was martyrdom. ®hta drdect has, of em^, <»lf in- 
CKased, and i« a vexation of my mater® ag®. • 

But when I pomeawd small mnemot««hnl(rf me- 
thods, ce merely such as ar© aflbtdk by th® metre 
and rhyme of powy, learalng by h«urt, and the mten- 
tiott of ^hat I^had learnt, went on letter. I easily 
remembered poems by great authors, but no means 

so easily the somewhat wrtifieW vases oi a«tho» of 
the second raak.,t I think thirtr is pio!»Wy due to 
the Batumi flow of timaght to good poems, and 1 am 
faclteed to think that to this oonnedlon Is to be 
found an essmstiel basis of sssthetlo beauty. In the 
higher classes of the Gymnasinm 1 tehid mpeat some 
bo^s of the Odyss^, a considembie numbfr dT the 
olis of Horace, ®md targe storei dt German itoelry. | 
In oth«r dirediomi I was jait to tim posWen df w 




older ancestors, who were not able to write, ana nence 
expressed their laws and their history in verse, so as 
to learn them by heart. 

That which a man does easily he usually does 
willingly ; hence I was first of all a great admirer and 
lover of poetry. This inclination was encouraged by 
my father, who, while he had a strict sense of duty , 
was also of an enthusiastic disposition, impassioned 
for poetry, and particularly for the classic period of 
German literature. He taught German in the upper 
classes of the Gymnasium, and read Homer with us. 
Under his guiSance we did, alternately, themes in 
German prose and metrical exercises — jioems as we 
called themr But even if most of us remained ip- 
diflferent poete, we learned better in this way, tlma in 
any other I know of, how to express what we had to say 

in the most varirf manner. 

But the most perfect mu6motechni<al help is a 
knowWge of the laws of phenomena. This I first got 
to knoy in geometry. Fmm the time of my childish 
playing with wooden blocks, the relations of special 
proportions to each other were well known to me from 
actual perception. What sort of figures were pr^wed 
when iKHiies of regular shape were laid ^^ainst each 
othi» I kneir well without mnohoonsidmation. When 
I begnu the s^ntific study of geometry, all the fact* 
yh ifll i I had to leam were perfectly wcMi known and 



familiar to me, much to the agtomsnmcui oi 
teachers. So far a« I recoilect, that came out in- 
cidentally in the elementary school attached to the 
Potsdam Training College, which I attended up to my 
eighth year. Strict scientific methods, on the con- 
trary, were new to me, *md with their help I *iw the 
difficulties dtaappear which had hindered me in other 

regions. * 

One thing was wanting in geomrtiyj itdedit e*- 
ctaively with attract forms of space, and I delightel 
in complete reality. As I broirae bigpr and stronger 
I went about with my father and mf schoolfellows a 
great deal In the neighbourhood of my nafcife town, 
Am, and I acquired a grA love of Itatup. This 
is perha|is the r^aaon why idle first firagmonta of physloi 
which I iMTurf ia 4ihe Oymniwirfm engrosned me 
much more cli^^y than purely geometrii^ and alge- 
braical stodiea. ^ Her® there was a ootdw and multi- 
farious region, with the mighty fulness of Nature, to be 
brought under the dominion of a mentally ^aiipre- 
hendW law. And^ to fact, that which flwt feadnatel 
tm was the toteUe«*Bid mastery over Nature, which at 
first wnfronta mmm unfamiliar, the logwal force 
of law. But thfe, of eottwe, mm led to the recognition 
that knowledge of natural pro«»wes waa the magical kiy 
,wh{oh place* ascendeuey over Natwe in the bauds of it* 
iioMtetior* to thif df ideas I felt myseif at home. 
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I plugged then with great zeal and pleasure into 
the study of all the hooks on physics I found in 
my father’s library. They were very old-fashioned ; 
phlogiston still held sway, and galvanism had not 
grown beyond the voltaic pile. A young friend and 
myself tried, with our small means, all sorts of experi- 
ments about which we had read. The action of acids 
on our mothers’# stores of linen we investigated 
thoroughly ; we Jiad otherwise but little success: 
Most sueoessf^ was, perhaps, the construction of 
optical instruments by means of spectacle glasses, 
which were to he had in Potsdam, and a small 
botanical lens belonging to my father. The limitation 
of our means had at that time the .value that I 
compelled always to vary in all possible jways my plan's 
for expeiimenf®, until I got them«n a form in which I 
could cany themfout. I must conftss that many a 
time when the^ class was reading Cicero o:P Virgil, 
both of which I found very tedious, I was calculating 
under tjje d«k the path of rays in a telescope, and I 
discovered, even at that time, some optical theorems, 
not wdinarily met with in text-books, but which I 
afterwarcb found useful in the construction of the 
ophtibalmoscoiM. 

Thus it happened that I entered upon that special 
line of study to which I have sub^uently adhered, and 
which, in the conditions I have mentioned, grew into 
n. X 



HEBMANlf TON UELmOLrZt 


an absorbing impolse, amounting e?en to a pstfon. 
This impulse to dominate the actual world by a^airing 
an understanding of it, or wliat, I thiuk, l« only another 
expression for the same thing) te diseover the citiwii! 
connection of phenomena, ha« guid^ me tlirongk my 
whole life, and the strength of this impalse is possibly 
the reasom why I found no sstisfaetion In appwnt 
solutions of problems lo long aa 1 frit there were still 
olwcure points in them. 

And now I was to go to the univensity. Phyria 
was at that time looked nptai as an art by wUsh a 
living oodid not be made. My pat«j6 were wmpelled 
to be very economical, imd my father explained to me 
that he knew of so other my of hdplhg me to the 
itedy of Phystei^ thm by taking «p the study of 
medicine into the bargain. I ms b^ so mmiM awme 
from the study 4i Uidng Matniw, and aMcnted to tbli 
withomt'mooh ^ibalty, Mweover, the only inflaeirt ini 
praon Is our finally had b«m a raedlc^ man, the late 
Bsigeon-Clenmd Mundnna; and this rektlonibip was 
a reeommeodatloa in my fairour among odter a|s» 
for admhwion to our Army Meill«d febool,lh» 
Friedridt Wilhelms laatitut, whleh tmy waterlalSy 
helped the po<mr stodenta in pawiag thmigb their 
mdliwl eosn^ 

; Is tois Ktsdy I cwme M once umdfr the itifluifiM 
0 ^ a profoimd teacher— Johaniiis |y[,SillBr| 'he whO' at 
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Tie time introduced E. Du Bois Eeymond, 
eke, C. Ludwig, and Virchow to the study of 
y and physiology. As respects the critical 
os about the nature of life, Muller still 
ed between the older — essentially the meta- 
1 — ^view and the naturalistic one, which was 
sing developed ; but the conviction that nothing 
splace the knowledge of facts forced itself upon 
;h increasing certainty, and it may be that his 
36 over fcs students was the greater because he 
stinggled. 

tng pe(^fe<are ready at once to attack the 

problenas, and thus I attacked the perplexing 

a <of tl^e nature of the vita} force. Mos^t 

cgists had at that time adopted Q-. E. Stahl’s 

b of the difRculty, that while it Is the physical 

imical forces of the organs and fubstances of the 

Kxly which act on it, there is an indwelling vital 
• • 
vital force which could bind and loose the 

■of these forci»; that after death the free 

# * 

of these forces produces decompimtion, while 
life their action is eontinutdly being controlled 
soul of life. X had a misgiving that there was 
ing ai^inst nature in this explanation ; hat ft 
) a good dead of trouble to state my misgiving 
brm of a definite question. I found ultimately, 
Ititer years of my cmeer as a studimt, tibat 

ft 
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StaliVs theory ascribed to ^very living body the Batura 
of aperpetuum ^mobile, I was tolerably well acquainted 
with the controversies oil this latter subject. In my 
school days I had heard it discussed by my father and 
our mathematical teachers, and while still a pupil of 
the Friedrich Wilhelms Institut I had helped in the 
library, and in my spare moments had looked through 
the works of Daniell, Bemouilli, D’ Alembert, and other 
mathematicians of the last century. I thus came 
upon the question, ^ Who-t relations must exist be- 
tween the various kinds of natural forces for a per- 
petual motion to be possible?’ and^he farther one, 
‘Do those relations actually exist?’ In my essay, 
‘^On the Conseryation of Force,’ my aim^ was merely to 
give a critical iav^tigation and arrangement of the 
facts for the benefit phpiologistsr 

I should* ha'Pe been quite prepared if the experts 
had ultinately said, ‘ We know all that. What is this 
young doctor thinking about, in considering himself 
called upon to explain it all to us so fully?’ But, to my 
astonishment, the physical authorities with whom I 
came in contact took up the matter quite differently. 
They were inclined to deny the correctness of the law, 
and in the eager contest in which they were engaged 
against Hegel’s Natural Philosophy were disposed to 
declare my essay to be a fantastical sj^eculation. 
Jacobi, the matbematician, who recognised the aau- 
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nection of my line of thought with that of the mathe- 
maticians of the last century, was the only one who 
took an interest in my attempt, and protected me 
from being misconceived. On the other hand, I met 
with enthusiastic applause and practical help from 
younger friends, and especially from E. Du Bois 
Reymond. These, then, soon brought over to my side 
the naembers of th« recently formed Physical Society 
of Berlin. About Joule’s researches on the same sub- 
ject I knew at tTaat time but little, and nothing at all 
of those of Robert Mayer. 

Connected with this were a few smaller experi- 
mental researches on putrefaction and fermentation, in 
which I was alJe to furnish a proof, ip opposition tq^ 
Liebig’s contention, that both were by no means purely 
chemical decompositions, spontaneously occurring, or 
brought about by the aid of the atmoS^heric oxygen ; 
that alcoholic fermentation more especially was* bound 
up vdth the presence of yeast spores which are only^. 
formed by reproduction. There was, further, my 
work on metabolism in muscular action, which after- 
wards was connected with that on the development of 
heat in muscular action ; these being processes which 
were to be expected from the law of the conservation 
of force* 

These researches were sufSicient to direct upon me 

ip. 

the attention of Johannes Miiller as well as of the, 
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Prussian Ministry of Instruction, and to lead to my 
being called to Berlin as Brueke’s successor, and 
immediately thereupon to the University of K*jnig«- 
berg. The Army medical authorities, with tliank- 
worthy liberality, very iwdily agreed to relieve me 
from the obligation to further military service, and 

thus made it p(M«ible for me to take up a scientific 

. « ♦ 
position. 

In Kfinigsbeig I had to lecture on general 
pathology and physiology. A university professor 
undergoai a very valuable trainiug injbeing <»napelW 
to lecture eveiy year, on the whole nmge of his science, 
in such a manner that he convinces eatiifiw the 
intelligent among Ws h«irere-— the leading mwa of 
the neat gener^ation. This iie<«i»ity yieUei me, flwt 
of all, two valuable d^ults. , 

For in preparing my eounie M l«ctor«, I bit 
directl;f on tbe possiWHty of the ophjhalmoscwpe, and 
then on the plan of measuring the rate of pro]^ptJoo 
of excitation in the nerves. # 

The ophthalmmkmpe is, perhai*, the mm* popular 
of my roientifle performances, but I have alroady 
related to the oculists how lack reidly played a imm* 
l>aratively more importmit part than »y own merit, 
I bad to weplain to my hewrem Briicke's theory of 
octdar illuminatloQ. In this, Brikke w|t acttmlly 
wliUn a haiFs breadth of the invention of the oph^elp 
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aaoHcope. He liad merely neglected to put the ques- 
tion, To what optical image do the rays belong, which 
come from the illuminated eye? For the purpose he 
then had in view it was not necessary to propound this 
question. If he had put it, he was qtiite the man to 
answer it as quickly as I could, and the plan of the 
ophthalmoscope would have been given. I turned the 
problem about iiwvarious ways, to see how I could best 
explain it to my hearers, and I thereby hit upon Hie 
question I have mentioned. I knew well, from my 
medical studies, the difficulties which oculists had 
about the condilions then comprised under the name 
of AmauKwis, and I at once set about constructing the 
instrument by means of spectacle glas^ and the glws 
used for microscope purposes. The instrument was at 
first difficult to u*, and without^n assured theoretical 
conviction that it must work, I might, perhaps, not 
have persevered. But in about a week I had the great 
joy of being the first who «aw clearly before Mm a 
living ljuman retina. 

The construction of the ophthalmcwcope had a very 
decisive influence on my position in the eyes of the 
world. From this time forward I met with the most 
willing recognition and readiness to meet my wisbei on 
the of the authorities and of my colleagmw, so Hiat 

for the future 1 was able to ptuane far more foeely the 
eecret impulsei of my desire for knowledge, Imu8% 
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however, say that I ascribed my success in great measure 
to the circumstance that, possessing some geometrical 
capacity, and equipped with a knowledge of physics, I 
had, by good fortune, been thrown among medical men, 
where I found in physiology a virgin soil of great fer- 
tility ; while, on the other hand, I was led by the con- 
sideration of the vital processes to questions and points 
of view which are usually foreign to pure mathematicians 
and physicists. Up to that time I had only been able 
to compare my mathematical abilities with those of my 
fellow-pupils and of my medical colleagues ; that I was 
for the most part superior to them in this respect did 
not, perhaps, say very much. Moreover, mathematics 
was always regarded in the school as a bsranoh of 
secondary rank. In Latin composition, on the con- 

r-' 

trary, which then decided the palm'' of victory, more 
than half my fellffw^pupils were ahead of me, 

In my own consciousness, my researches were 
simple logical applications of the experimental and 
mathematical methods developed in science, wlpch by 
slight modifications could be easily adapted to the 
particular object in view. My colleagues and friends, 
who, like myself, had devoted themselves to the phy- 
sical aspect of physiology, furnished results no less 
surprising. f: 

But in the course of time matters could not remain 
in that stage. Problems f which might be solved by 
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known methods I had gradually to hand over to the 
pupils in my laboratory, and for my own part turn to 
more difficult researches, where success was uncertain, 
where general methods left the investigator in the 
lurchj or where the method itself had to be worked 
out. 

In those regions also which come nearer the boun- 



daries of our kwwledge I have succeeded in many 
things experimental and mechanical— I do not know if 
I may add plfllosophical. In respect of the former, 
like any one who has attacked many experimental 
problems, I had Become a person of experience, who was 
acquainted with many plans and devices, and I had 
changed <piy youthful habit of eonsidq;ring things gej- 
metrically into a kind of mechanical mode of view. 1 
felt, intuitively it were, ho’^ strains and stresses 
were distributed in any mechanicaP arrancrement. a 
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liquids, tlie question as to the motion of sound at the 
open ends of organ pipes, &c. &c. But the pride 
which I might have felt about the final result in these 
cases was considerably lowered by my consciousness 
that I had only succeeded in solving such problems 
after many devious ways, by the gradually increasing 
generalisation of favourable examples, and by a series 
of fortunate guesses. I had to con^are myself with 
an Alpine climber, who, not knowing the way, ascends 
slowly and with toil, and is often compelled to retrace 
his steps because his progress is stopped ; sometimes 
by reasoning, and sometimes by accidelit, he hits upon 
traces of a fresh path, which again leads him a little 
further; and finally, when he has reached th^ goal, he 
finds to his annoyance a royal road on which he might 
have ridden up'' if h^ had been clever enough to find 
the right starting>point at the outset^ In my memoirs 
I have, §[f course, not given the reader an account of 
my wanderings^ but I have described the beaten path 
on which he can now reach the summit without 
trouble. 

There are many people of narrow views, who greatly 
admire themselves, if once in a way, they have had a 
happy idea, or believe they have had one. An investi- 
gator, or an artist, who is continually having a great 
number of happy ideas, is undoubtedly a privileged 
being, and is recognised as a benefactor of fiumanity. 
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Bat wIlo can count or measure such mental flashes ? 
Who can follow the hidden tracts by which conceptions 
are connected ? 

That which man had nevw known, 

Or had not thought out, 

Through the labjonnth of nund 
Wanders in the night. 

I must say that lihose regions, in which we hare not 
to rely on lucky gcoidents and ideas, have always been 
most agreeable to me, as fields of work. 

But, as I have often been in the unpleasant pcwition 
of having to wait*for lucky ideas, I have had some ex- 
perieiu^ as to when and where they came to me, wbdoh 
will perhaps useful to others. They often steal iijto 
the line of thought without their importance being at 
first understood ^*then afterwards some accidental cir- 
cumstance shows? how and under whit conditions they 
have originati^ ; they are presait, otherwise, without 
our knowing whence they c^e. In other cases they 
occur suddenly, without «certi<m, like an inspiration. 
As £sr as my ex|)erienoe g<^, they^never came at the 
desk to a tired brain. I have always so turned my 
problem al>oat in all directions that I could see in my 
mind its turns and complioitions, and ran through them 
froely without writing them down. Bnfe to roach that 
stage not usually possible without long prdiminary 
work. iWi, After the fatigue fitom this passed away, 
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they may deceive him ; so, too, it seemed to me necessary 
to investigate likewise the capabilities of our power of 
thought. Here, also, we were concerned only with a 
series of questions of fact about which definite answers 
could and must be given. We have distinct impres- 
sions of the senses, in consequence of which we know 
how to act. The success of the action usually agrees 
with that which^was to have been anticipated, but 
sometimes also ^ot, in what are called subjective im- 
pressions. THfese are all objective facts, the laws regu-^ 
lating which it will be possible to find. My principal 
result was that “She impressions of the senses are only 
signs for the constitution of the external world, the in- 
terpretation of which must be leamei^ by experience. 
The interest for questions of the theory of cognition, 
had been implanj^d in me in youth, when I had 
often heard my fa4er, who had retainefl a strong impres- 
sion from Fichter's idealism, dispute with his cdleagues 
who believed in Kant or Hegel. Hitherto I have had 
but little reason to be proud about those investigations. 
For each one in my favour, I have had about ten 
opponents; and I have in particular aroused all the 
metaphysicians, eveji the materialistic ones, and all 
people of hidden metaphysical tendencies. But the 
addresses of the last few days have revealed a host of 
friends whom as yet I did not know; so that in this 
respect also I am indebted to this festivity for pleasure 
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and for fresli hope. Philosophy, it is true, has been 
for nearly three thousand years the battle-ground for 
th6 most violent differences of opinion, and it i« not to 
be expected that these can be settled in the course of a 
single life, 

I have wished to explain to you how the history of 
my scientific endeavocmi and succmes, so far m they 
go, appeMS when looked at from roy*wn i»tat of view, 
and you will perhai» understand th^ I am surpri^ 
at the universal proftmon of praise which you have 
potured out upon me. My successes have had prinwrily 
this value for my own estimate of •myself, that they 
famished a standard of what I might furth^ atenpt i 
bpt they have I bc^, kd me to Mlf-admfanatlon. 
I have often en<»igh seen how inijuriouf an 
sense of t^f-importtmce may be ^ a scholar, and 
hence 1 have als%8 taken great cartTnoi to Ml a prey 
to this enemy,^ I well knew that a ri^d self-criticiim 
of my own work and my own M|«biUtl«i was the 
protection ami palladium against this fate, l^t it is 
only needM to the eyns open fear wfait (Alters can 
do, and what one <»not do oneself, to find there is 
no great dangerf ami, m rogard»>my own work, I do 
not think 1 have ever twnrected the kut proof of a 
memoir without finding In the counw of twenty-font 
hoars a few points which I have better or 
mace ca#efally. s •*' , ' 
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As regards the thanks which you consider you owe 
me, I should be unjust if I said that the good of 
humanity appeared to me, from the outset, as the 
conscious object of my labours. It was, in fact, the 
special form of my desire for knowledge which im- 
pelled me and determined me, to employ in scientific 
research all the time which was not required by my 
official duties and by the care for my family. These 
two restrictions did not, indeed, require any essential 
deviation froin the aims I was striving for. My office 
required me to make myself capable of delivering 
lectures in the Tlfeiiversity ; my family, that I should 
establish and maintain my reputation as an investi- 
gator. The State, which provided ip.j maintenaucie, 
scientific appliances, and a great share of my free 
time, had, in my*opinion, acquired thereby the right 
that I should communicate faithfully and completely 
to my fellow-citizens, and in a suitable fofm, that 
which I had discovered by its help. 

The writing out of scientific investigations is 
usually a troublesome affair ; at any rate it has been so 
to me. Many parts of my memoirs I have rewritten 
five or six times, and have changed the order about 
until I was fairly satisfied. But the author has a great 
advantage in such a careful wording of his work. It 
compels him to make the severest criticism of each 
sentence and each conclusion, more thoroughly even 
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than the lectures at the University which I have men- 
tioned. I have never considered an investigation 
finished until it was formulated in writing, completely 
and without any logical deficiencies. < 

Those among my friends who were most conversant 
with the matter represented to my mind, my conscience 
as it were. I asked myself whether they would approve , 

of it. They hovered before me as tl^e embodiment of ! 

the scientific spirit of an ideal humamty, and furnished | 

me with a standard. " 

In the first half of my life, when I had still to work ^ , 


for my external position, I will not say that, along with 
a desire for knowledge and a feeling of duty as servant 
of the State, higher ethical motives wme n§t also at 
work ; it was, however, in any case chfflcult to be 
certain of the realii^ of their exi^^enoe so long as 
motives existent. ^This is, perhaps, 

the casftiwith all investigators. But afterwards, when 
an assured position has been attained, when those 
who have no inner impnlse towards science vosy <juite 
cease theh latmurs, a higher conoeiition of their relation 
to humanity does influence those who ccratinne to 
work. They gradually leam from |h«dr ovm experience 
how the thoughts which they have uttered, whether 
through literature <nr through oral instruction, oontinoe 
to act. on their feUow-mws, and possess, as it were, an 
independent lifej how these thoughts, fmtliarwork«i 
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OTit by their pupils, acquire a deeper significance and 
a more definite form, and, reacting on their originators, 
furnish them with fresh instruction. The ideas of an 
individual, which he himself has conceived, are of 
course more closely connected with his mental field 
of view than extraneous ones, and he feels more 
encouragement and satisfaction when he sees the 
latter more abundantly developed than the former. 
A kind of parental affection for such a mental child 
ultimately springs up, which leads him to care and to 
struggle for th^ furtherance of his mental offspring as 
he does for his rell children. 

But, at the same time, the whole intellectual world 
of civilised humanity presents itself* to hiTin as a con- 
tinuous and spontaneously developing whole, the diira- 
tion of which sterns infinite a^ compared with that 

% A 

of a single indi^^idual. With his small contributions 
to the building up of science, he sees tjiat he Is in the 
service of something everlastingly sacred, with which 
he is c^^nnected by close bands of affection. His work 
thereby appears to him more sanctiJ^ed. Anyone can, 
perhaps, apprehend this theoretically, but actual per- 
sonal experience is^doubtless necessary to develop this 
idea into a strong feeling. 

The world, which is not apt to believe in ideal 
motives, palls this feeling love of fame. But there is a 

decisive criterion by which both kinds of sentiment 

H. u 


290 HERMANN VON HEUIHOLTZs 

caa be discriminated. Ask the question if it is the 
same thing to you. whether the results of investi^tioa 
which you have obtained are recognised as belonging 
to you or not when there are no considemtions of 
external advantage bound up with the answer to this 
question. The reply to it is wiest in the case of 
chiefs of laboratories. The t«oher must asimlly 
furnish the fundamental idea of tb«i research as well 
as a number of proposals for overcoacdng experimental 
difficulties, in which more or 1« ingenuity wmM into 
play. All this passes as the work of the student, and 
ultimately appears in his name wh«a''th© re«i«eh is 
finished. Who can afterwds decide what one or the 
ot^er has done? .And how many teeeiiww are there 
not who in this respect are devoid of any jarioasy? 

Thus, gentlemen, ^hav® been In tb® haj^iy porition 
that, in freely folldMng'Iny own iaclinatioB, I bavebcen 
led to rswwrches for which you praise me, at having 

m 'H 

be» nieful and instmcrive. I un extremely fortnmte 
that I am praised end honoured by my wntompwiriei, 
in so high a degree, for a course of woric which li to 
me the most interesting I cocM pursue. But my 
contemporari^ have afforded me great and ewentiai 
help. Ai«rt from the care for my omi exlstoac* and 
that of my family, iff wMdh they have relieved me, 
and &pat from the extamal means with which they 
have provided me, J have found In ibeta a ctaUdaftl 
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of the intellectual capacity of man; and by their 
sympathy for my work they have evoked in me a vivid 
conception of the universal mental life of humanity 
which has enabled me to see the value of my own 
researches in a higher light. In these circum- 
stances, I can only regard as a free gift the thanks 
which you desire to accord to me, given unconditionally 
and without counting on any return. 

t • 
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